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Circle  114  on  reader  service  card 
Visit  AARC  Booth  1304  in  Nashville 


NELLCOR 


MANUSCRIPT  SUBMISSION 

Instructions  for  Authors  and  Typists  is  printed 
near  the  end  of  Respiratoky  Care  on  a  quarterly 
basis  (Jan,  Apr.  July,  Nov). 

PHOTOCOPYING  &  QUOTATION 

PHOTOCOPYING.  Any  material  in  this  journal 
that  is  copyrighted  by  Daedalus  Enterprises.  Inc 
may  be  photocopied  tor  noncommericial  pur- 
po.ses  of  scientific  or  educational  advancement. 

QUOTATION.  Anyone  may,  without  permis- 
sion, quote  up  to  500  words  of  materia!  in  this 
journal  that  is  copyrighted  by  Daedalus  Enter- 
prises Inc.  provided  the  quotation  is  for  non- 
commercial use.  and  provided  Respiratory  Cari 
is  credited.  Longer  quotation  requires  written  ap- 
proval by  the  author  and  publisher. 

SUBSCRIPTIONS/CHANGES  OF 
ADDRESS 

Respjratory  Care 
1 1030  Abies  Lane 
Dallas  TX  75229-4593 
(214)243-2272 

SUBSCRIPTIONS.  Individual  subscription  rates 
are  $50.00  per  year  (12  i.ssues)  in  the  U.S.  and 
Puerto  Rico,  $70.00  per  year  in  all  other  coun- 
tries; $95.00  for  2  years  in  the  U.S.  and  Puerto 
Rico.  $135.00  in  all  other  countries;  and  $140 
for  3  years  in  the  U.S.  and  Puerto  Rico.  $200.00 
in  all  other  countries  (add  $84.00  per  year  for  air 
mail).  Annual  organizational  subscriptions  are 
offered  to  members  of  associations  according  to 
their  membership  enrollment  as  follows:  lOI- 
500  members— $5.00,  501-1,500  members— 
$4.50,  1,501-2,500  members— $4.25,  2,501- 
5,000  members— $4.00,  5,001-10,000  mem- 
bers—$3.00.  and  over  10.000  members— $2.50. 
Single  copies,  when  available,  cost  $5.00;  add 
$7.00  air  mail  postage  to  overseas  countries. 


CHANGE  OF  ADDRESS.  Six  weeks  notice  is 
required  to  effect  a  change  of  address.  Note  your 
subscription  number  (from  the  mailing  label) 
your  name,  and  both  old  and  new  address,  in- 
cluding zip  codes.  Please  note  your  subscription 
number  on  the  envelope.  Copies  will  not  be  re- 
placed without  charge  unless  request  is  received 
within  60  days  of  the  mailing  in  the  U.S.  or  with- 
in 90  days  in  other  countries. 

MARKETING  DIRECTOR 

Dale  Griffiths 
ADVERTISING  ASSISTANT 

Beth  Binkley 

ADVERTISING.  Display  advertising  should  be 
arranged  with  the  advertising  representatives. 
Respiratory  Care  does  not  publish  a  classified 
advertising  column. 

PRODUCT  ADVERTISING: 
RATES  &  MEDIA  KITS 

Aries  Advertising  Representatives 
4  Orchard  Hill  Road 
Marlboro  NJ  07746 
(908)946-1224 
fax  (908)946-1229 

RECRUITMENT  ADVERTISING: 

Beth  Binkley 
Respiratory  Car£ 
11030  Abies  Lane 
Dallas  TX  75229-4593 
(214)243-2272 
fax  (214)  484-6010 


CONTENTS, 


Conlinuecl 


October  1993 
Volume  38,  Number  10 


BOOKS,  FILMS,  TAPES,  &  SOFTWARE 

1110        Guidelines  for  Pulmonary  Rehabilitation  Programs,  by  the  American 
Association  for  Cardiovascular  and  Pulmonary  Rehabilitation 
(AACVPR),  edited  by  Gerilynn  Connors  BS  RCP  RRT  and  Lana 
Hilling  RCP,  authored  by  Committee  Members  C  William  Bell  PhD 
MBA,  Howard  M  Kravetz  MD,  Kathleen  Morris  RN  MS  RRT.  and 
Andrew  L  Ries  MD 
reviewed  by  David  P  Meeker  and  Kay  Stelmach — Cleveland,  Ohio 

1110        Respiratory  Care:  A  Guide  to  Clinical  Practice,  3rd  edition,  edited 
by  George  E  Burton  MD,  John  E  Hodgkin  MD,  and  Jeffrey  J  Ward 
MEd  RRT 
reviewed  by  Vasudevan  C  Jaidev — Charlottesville.  Virginia 

LETTERS 

1112  Deja  Vu!  A  CPR  Device  to  the  Attention  of  MEDWATCH 
by  Robert  R  Fluck  Jr — Syracuse,  New  York 

1113  Objections  to  Humidification  Editorial 

by  Daniel  I  Sessler — San  Francisco,  California;  with  response 
by  Richard  D  Branson  and  Robert  L  Chatburn — Cincinnati  and 
Cleveland,  Ohio 

1117        Reply  to  Paluch  on  HME  Misrepresentation 

by  Geoff  Lloyd  and  Kenneth  Graf — Portsmouth,  England,  and 
Glen  Cove,  New  York 

1119       Deep  Breaths,  Sighs,  and  Pulmonary  Artery  Catheters 
by  Ted  Reesor — Burlington,  Ontario,  Canada 

ABSTRACTS 

1050        Summaries  of  Pertinent  Articles  from  Other  Journals 

NOTICES 

1123  Examination  Dates,  Notices,  Prizes 

CALENDAR  OF  EVENTS 

1121        Meeting  Dates,  Locations,  Themes 

INDEXES 

1124  Authors  in  This  Issue 
1124        Advertisers  in  This  Issue 
1066        Advertiser  Help  Lines 


RESPIRATORY  CARE  •  OCTOBER  '93  Vol  38  No  10 


1049 


Abstracts 


Summaries  of  Pertinent  Articles  in  Other  Journals 


Editorials,  Commentaries,  and  Reviews  To  Note 


Bronchoalveolar  Lavage  in  Asthma:  An  Update  and 
Perspective  (state-of-the-art  review) — DL  Smith,  RD  De- 
shazo.  Am  Rev  Respir  Dis  1993;  148:523. 

MDI  Workshop:  Standards  for  In  Vitro/In  Vivo  Meas- 
urements (conference  summary) — International  Society 
for  Aerosols  in  Medicine:  North  American  Chapter, 
McMaster  University.  J  Aerosol  Med  1993:6: 123. 

Pressure-Preset  Ventilation — Part  1:  Physiologic  and 
Mechanical  Considerations  (review) — PB  Blanch,  M 
Jones,  AJ  Layon,  N  Camner.  Chest  1993:104:590. 

The  Laryngeal  Mask  Airway:  Its  Uses  in  Anesthesiology 

(review) — JH  Pennant,  PF  White.  Anesthesiology  1993: 
79:144. 

Clarifying  the  Role  of  Continuous  Fick  Cardiac  Output 
Measurement  during  Exercise  (editorial) — PD  Lumb. 
Chest  1993:104:332.  (Pertains  to  Nakanishi  et  al  paper  ab- 
stracted on  Page  1057.) 


Childhood  Tuberculosis:  A  Diagnostic  Dilemma  (editori- 
al)—JR  Starke.  Chest  1993:104:329.  (Pertains  to  Delacourt 
et  al  paper  abstracted  on  Page  1060.) 

Profound  Hypercarbia  Late  in  the  Course  of  Lapa- 
roscopic Cholecystectomy:  Detection  by  Continuous 
Capnometry  (case  report) — D  Hall,  A  Goldstein,  E  Tynan, 
L  Braunstein.  Anesthesiology  1993:79:173. 

Tracheal  Perforation:  A  Complication  associated  with 
Transtracheal  Oxygen  Therapy  (case  report) — AS  Men- 
on,  BW  Carlin,  PD  Kaplan.  Chest  1993:104:636. 

Paradoxical  Bronchoconstriction  with  Nebulized  Al- 
buterol but  Not  with  Terbutaline  (case  report) — JP  Fin- 
nerty,  PH  Howarth.  Am  Rev  Respir  Dis  1993:148:512. 

Role  of  Pulse  Oximetry  in  the  ICU  (editorial)— SJ  Bark- 
er. Chest  1993:104:330.  (Pertains  to  Inman  et  al  paper  ab- 
stracted on  Page  1063.) 


Spirometry  in  the  Asthmatic  Child: 
Is  FEF2S-75  a  More  Sensitive  Test 
Than  FEVi/FVC?— P  Lebecque,  P 
Kiakulanda,  AL  Coates.  Pediatr  Pul- 
monol  1993;  16: 19. 

The  use  of  spirometry  in  the  assess- 
ment ot  children  with  asthma  is  tak- 
ing on  new  importance  with  the  re- 
alization that  considerable  airway 
obstruction  may  exist  in  the  absence 
of  clinically  detectable  abnormalities. 
There  has  been  controversy  over  the 
value  and  relative  sensitivity  of  vari- 
ous spirometric  indices.  This  study 
evaluated  the  forced  expiratory  flow 
between  25%  and  75%  of  vital  capac- 


ity (f^F25-75),  forced  expired  volume 
in  1  second  (FEVi),  and  the  ratio  be- 
tween the  FEVi  and  the  forced  vital 
capacity  (FYC)  in  100  a,sthmatic  chil- 
dren aged  6-17  years,  29  of  whom 
were  wheezing  at  the  time  of  the 
evaluation.  All  children  with  clinical 
wheezing  had  a  FEF2.'i-75  <  2  standard 
deviations  (SD)  below  the  mean  (-2 
SD),  whereas  8  had  a  normal  FEVi. 
The  majority  of  the  wheezing  chil- 
dren had  abnormalities  of  all  3  in- 
dices, whether  expressed  as  -2  SD 
or,  in  the  case  of  the  FEV|/FVC,  ar- 
bitrarily taken  as  <  80%.  Sixty-seven 
children  of  the  entire  study  group  had 
at  least  1  abnormal  spirometric  index. 


but  38  of  these  had  no  clinical 
abnormalities.  Twelve  children  had  a 
reduced  FEF25.75  as  the  only  abnor- 
mality. These  results  suggest  that 
FEF25-75  is  a  sensitive  index  of  air- 
way obstruction. 

Mediators  of  Septic  Shock:  New 
Approaches  for  Interrupting  the 
Endogenous  Inflammatory  Cas- 
cade— BP  Giroir.  Grit  Gare  Med 
1993;2 1:780. 

OBJECTIVES:  To  review  the  mo- 
lecular pathogenesis  of  septic  shock, 
with  particular  emphasis  on  the  in- 
duction of  cytokines  by  endotoxin. 
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By  understanding  the  mechanisms 
that  result  in  the  systemic  in- 
flammatory response,  novel  clinical 
interventions  may  be  more  effective- 
ly studied.  DATA  SOURCES:  The 
English  medical  literature  was  re- 
viewed, including  human  clinical 
trials,  animal  experiments,  and  in  vi- 
tro studies  elucidating  cellular  and 
molecular  interactions.  Expert  tes- 
timony from  the  Roundtable  Confer- 
ence on  Sepsis  (Brussels,  March 
1992)  was  also  used  to  synthesize 
emerging  concepts  and  to  ensure  in- 
clusion of  ongoing  investigations. 
STUDY  SELECTION:  Emphasis  on 
controlled  experimental  studies 
which  elucidated  the  molecular  and 
cellular  interactions  during  sepsis. 
DATA  EXTRACTION:  This  study 
focused  only  on  data  that  directly  in- 
volved the  induction  and  regulation 
of  protein  mediators  of  sepsis,  es- 
pecially tumor  necrosis  factor  (TNF) 
and  interleukin-1.  Data  concerning 
the  role  of  TNF  during  health  were 
extracted  from  the  author's  peer- 
reviewed  data.  DATA  SYNTHESIS: 
Information  concerning  the  many 
facets  of  the  systemic  inflammatory 
response  was  integrated  into  a  chron- 
ological, clinically  oriented  model  of 
cytokine  induction  during  endo- 
toxemia.  CONCLUSIONS:  The  in- 
duction of  inflammation  during  sep- 
sis is  a  complex,  but  increasingly 
understood,  biological  cascade  that  is 
dependent  on  inter-  and  intracellular 
signaling.  Novel  biotherapies  may 
improve  patient  outcome  in  sepsis  by 
interrupting  any  or  all  points  of  sig- 
nal transduction. 

Increased  Physiological  Dead  Space 
during  Exercise  after  Bronchodi- 
lation  in  Cystic  Fibrosis — G  Ku- 

senbach,  F  Friedrichs,  H  Skopnik,  G 
Heimann.    Pediatr    Pulmonol    1993; 

15:273. 

Bicycle  ergospirometry  was  per- 
formed on  14  patients  with  cystic  fi- 
brosis (CF),  for  evaluating  the  effects 


of  salbutamol  and  theophylline  on 
the  ventilatory  response  to  exercise. 
After  I  week  without  bronchodilator 
therapy  the  patients  cycled  at  one- 
third  and  two-thirds  of  their  in- 
dividual maximal  working  capacity 
(Wmax).  The  test  was  repeated  three 
times  after  treatment  with  salbuta- 
mol, theophylline,  or  both  drugs,  re- 
spectively. After  the  combined  ther- 
apy, physiological  deadspace,  venti- 
lation, ventilatory  equivalent  of  oxy- 
gen, and  end-expiratory  oxygen  pres- 
sure increased  significantly  during 
steady  state  exercise  at  one-third 
Wmax.  Similar,  although  not  statis- 
tically significant  changes,  were  ob- 
served after  monotherapy  with  sal- 
butamol or  theophylline  and  during 
exercise  at  two-thirds  Wmax.  These 
effects  could  not  be  predicted  by  any 
lung  function  tests  at  rest  or  by  the 
Shwachman-Kulczycki  score.  The 
results  indicate  that  in  some  patients 
with  CF  bronchodilators  can  impair 
lung  function  during  exercise.  In 
conclusion,  the  effects  of  medication 
on  exercise  performance  of  patients 
with  CF  have  to  be  considered.  Es- 
pecially, the  use  of  bronchodilators 
requires  a  careful  evaluation  of  their 
real  benefit  in  each  individual  pa- 
tient. 

Dexamethasone  Treatment  Sup- 
presses Collagen  Synthesis  in  In- 
fants with  Bronchopulmonary  Dys- 
plasia—E  Co,  G  Chart,  K  McCul- 
loch,  D  Vidyasagar.  Pediatr  Pulmo- 
nol 1993:16:36. 

Collagen  is  an  essential  component 
of  connective  tissue  and  is  present  in 
the  pulmonary  interstitium.  Collagen 
deposition  is  known  to  increase  in 
many  acquired  chronic  diseases,  in- 
cluding bronchopulmonary  dysplasia 
(BPD).  Urinary  excretion  of  hydrox- 
yproline  has  been  used  as  a  specific 
index  of  collagen  synthesis.  Many 
studies  have  demonstrated  that  dex- 
amethasone therapy  is  associated 
with  respiratory  improvement  in  in- 


fants with  BPD  but  the  mechanism  of 
this  effect  is  not  well  understood.  We 
postulated  that  in  infants  with  BPD 
who  receive  dexamethasone,  suppres- 
sion of  collagen  synthesis  may  cause 
respiratory  improvement.  Therefore, 
we  studied  the  effect  of  dexametha- 
sone on  respiratory  status  and  urtnary 
excretion  of  hydroxyproline  in  14 
ventilator-dependent  infants  with 
BPD.  Infants  received  0.5  mg/kg/day 
dexamethasone,  tapered  by  half  every 
3  days  to  complete  a  12  day  course. 
Eleven  of  the  14  infants  were  extubat- 
ed  at  a  mean  ±  SD  of  8.7  ±  4.9  days 
after  starting  dexamethasone.  Mean 
urinary  hydroxyproline/creatinine  ra- 
tios at  3,  6,  9,  and  12  days  of  dexa- 
methasone therapy  were  significantly 
lower  than  the  mean  pretreatment  val- 
ue, but  after  discontinuation  rapidly 
rose  toward  baseline  values.  De- 
creased urinary  excretion  of  hydrox- 
yproline indicates  that  dexametha- 
sone suppressed  collagen  synthesis  in 
these  infants.  We  speculate  that  sup- 
pression of  collagen  synthesis  re- 
duced pulmonary  inflammation  and 
fibrosis,  resulting  in  respiratory  im- 
provement. 

Gender  Related  Differences  in  Air- 
way Tone  in  Children — LI  Landau, 
W  Morgan,  KS  McCoy,  LM  Taussig. 
Pediatr  Pulmonol  1993;  16:31. 

The  effects  of  gender,  volume  his- 
tory, and  inhaled  atropine  and  iso- 
proterenol on  lung  mechanics  were 
assessed  in  16  nonnal  boys  and  14 
normal  girls  using  lung  volumes, 
flow-volume  curves,  and  oscillatory 
resistances.  Flows  were  measured 
from  full  and  partial  forced  expira- 
tory flow-volume  curves.  Six  girls 
and  6  boys  were  studied  before  and 
after  inhaled  atropine,  and  10  boys 
and  8  girls  before  and  after  inhaled 
isoproterenol.  Girls  demonstrated  a 
significant  increase  in  flows  on  full 
and  partial  curves  with  a  deep  in- 
spiration I  Vmax-pailial  0.73  ±  0.34 
(SD)  to  Vmax-fuU  0.80  ±  0.37  and 
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0.83  ±  0.20  to  1 .06  ±  0.29  TLC/s  in 
each  group]  and  following  inhalation 
of  isoproterenol  on  the  partial  curves 
only  (0.73  ±  0.34  to  0.93  ±  0.40  TLC/ 
s).  Boys  showed  a  small  but  signifi- 
cant increase  in  Vmax  with  isopro- 
terenol on  full  curves  but  not  on  par- 
tial curves.  Following  atropine,  boys 
demonstrated  a  significant  increase  in 
Vmax  on  partial  flow- volume  curves 
(0.78  ±  0.28  to  1.00  ±  0.35  TLC/s) 
and  a  significant  decrease  in  specific 
respiratory  resistance  (7.6  ±  2.7  to  5.1 
±  0.9  cm  H2O  •  s  •  L"-),  whereas  girls 
had  no  such  changes.  These  data  sug- 
gest that  boys  have  greater  resting  air- 
way tone  than  girls  and  that  this  tone 
is  less  responsive  to  deep  inspiration 
and  isoproterenol  independently,  al- 
though a  combination  of  isoprotere- 
nol and  a  deep  inspiration  will  pro- 
duce increased  flows  in  boys.  Atro- 
pine reduces  airway  tone  predomi- 


nantly in  boys,  suggesting  that  the  in- 
creased resting  airway  tone  in  boys  is 
partially  mediated  via  the  vagus 
nerve. 

Examination  Gloves  as  Barriers  to 
Hand  Contamination  in  Clinical 
Practice— RJ  Olsen,  P  Lynch,  MB 
Coyle,  J  Cummings,  T  Bokete,  WE 
Stamm.  JAMA  1993;270:350. 

OBJECTIVE:  To  test  the  effective- 
ness of  vinyl  and  latex  gloves  as  bar- 
riers to  hand  contamination  with 
gram-negative  organisms  and  enter- 
ococci  during  routine  hospital  pro- 
cedures. DESIGN  &  INTERVEN- 
TIONS: We  studied  137  procedures 
during  which  a  health  care  worker's 
gloved  hand  contacted  a  patient's  mu- 
cous membrane  and  was  thus  po- 
tentially contaminated  with  gram- 
negative  rods  or  enterococci.  Quan- 


titative hand  cultures  were  obtained 
from  each  health  care  worker  before 
and  after  the  gloved  contact  using  a 
modified  glove  juice  method,  and  the 
exterior  glove  surface  was  also  quan- 
titatively cultured  after  patient  con- 
tact. Used  gloves  were  then  tested  for 
leaks  using  the  American  Society  for 
Testing  and  Materials"  watertight 
test.  SETTING:  Harborview  Medical 
Center,  a  330-bed  city-county  hos- 
pital and  level  1  regional  trauma  and 
bum  center,  is  both  a  teaching  facility 
affiliated  with  the  University  of 
Washington  and  the  major  provider 
of  care  to  indigent  and  uninsured  per- 
sons in  Seattle-King  County,  Wash- 
ington. PATIENTS  &  OTHER  PAR- 
TICIPANTS: Respiratory  therapists 
performing  endotracheal  tube  care  on 
intubated  intensive  care  unit  patients, 
registered  nurses  performing  digital 
rectal  stimulation  for  bowel  training 
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on  patients  with  spinal  cord  injury  in 
the  rehabihtation  ward,  and  dentists 
performing  routine  dental  examina- 
tions and  procedures  on  healthy  out- 
patients in  the  dental  clinic.  MAIN 
OUTCOME  MEASURE  &  RE- 
SULTS: Eighty-six  of  the  135  gloves 
cultured  had  gram-negative  rods  or 
enterococci  on  the  external  surface 
after  use  and  were  thus  sources  of  po- 
tential hand  contamination.  Microbial 
contamination  of  the  health  care 
worker's  hands  occurred  in  1 1  (13%; 
95%  confidence  interval,  6%  to  20%) 
of  these  86  events,  and  was  more  fre- 
quent with  vinyl  (10  of  42)  than  latex 
(one  of  44)  gloves  (p  <  0.01).  After 
use,  glove  leaks  were  also  more  fre- 
quent in  vinyl  gloves  (26  of  61)  than 
with  latex  gloves  (six  of  70)  (p  < 
0.001).  Even  when  leaks  were 
present,  gloves  prevented  hand  con- 
tamination in  77%  of  instances  and 
quantitative  counts  of  microorgan- 
isms contaminating  hands  were  2  to  4 
logs  less  than  counts  on  external 
glove  surfaces.  Health  care  workers 
reported  awareness  of  the  presence  of 
glove  leaks  in  only  seven  (22%)  of 
the  32  events  in  which  leaks  were 
subsequently  demonstrated.  CON- 
CLUSIONS: Under  conditions  of 
routine  use,  gloves  effectively  func- 
tion as  a  protective  barrier  even  when 
leaks  are  present.  Latex  gloves  were 
less  frequently  associated  with  leaks 
and  hand  contamination.  Since  hand 
contamination  occurred  after  13%  of 
exposures  and  cannot  be  readily  iden- 
tified by  health  care  workers,  routine 
hand  washing  should  be  done  after 
each  patient  contact. 

Out-of-Hospital  Cardiac  Arrest: 
Racial  Differences  in  Outcome  in 
Seattle— MR  Cowie,  CE  Fahren- 
bruch,  LA  Cobb,  AP  Hallstrom.  Am  J 
Public  Health  1993:83:955. 

OBJECTIVES:  Out-of-hospital  sud- 
den cardiac  arrest  is  a  key  area  in 
which  to  study  the  dual  problem  of 
the  poorer  health  status  of  minority 


populations  and  their  poorer  access  to 
the  health  care  system.  We  proposed 
to  examine  the  relationship  between 
race  (BlackAVhite)  and  survival. 
METHODS:  We  determined  the  in- 
cidence and  outcome  of  cardiac  ar- 
rests in  Seattle  for  which  medical  as- 
sistance was  requested.  RESULTS: 
Over  a  26-month  period,  the  age- 
adjusted  incidence  of  out-of-hospital 
cardiac  arrest  was  twice  as  great  in 
Blacks  than  in  Whites  (3.4  v  1.6  per 
1,000  aged  20  and  over).  The  initial 
resuscitation  rate  was  markedly  poor- 
er in  the  Black  victims  (17.1%  v 
40.7%),  and  rates  of  survival  to  hos- 
pital discharge  were  also  lower  in 
Blacks  (9.4%  v  17.1%).  Both  ef- 
fective initial  resuscitation  and  sur- 
vival were  significantly  related  to 
White  race  following  adjustment  for 
other  covariates.  CONCLUSION:  The 
differences  in  outcomes  were  not  ful- 
ly explained  by  features  of  the  col- 
lapse or  relevant  service  factors.  Pos- 
sible explanations  include  delays  in 
instituting  therapy,  less  bystander- 
initiated  cardiopulmonary  resuscita- 
tion, poorer  levels  of  health,  and  dif- 
ferences in  the  underlying  cardiac 
disorders. 

Worli-Site  Smoliing  Policies:  Their 
Population  Impact  in  Washington 
State— S  Kinne,  AR  Kristal,  E 
White,  J  Hunt.  Am  J  Public  Health 
1993:83:1031. 

This  article  presents  data  from  a  pop- 
ulation-based, random-digit  dialing 
telephone  survey  of  1,228  employed 
adults  in  Washington  State,  con- 
ducted 1989  through  1990.  Eighty- 
one  percent  of  men  and  9 1  %  of  wom- 
en reported  work-site  smoking  re- 
strictions. Employees  in  work  sites 
with  no-smoking  policies  were  less 
likely  to  be  current  smokers;  men  in 
work  sites  with  policies  restricting 
smoking  smoked  fewer  cigarettes  on 
both  workdays  and  nonworkdays. 
Forty-eight  percent  of  male  and  53% 
of  female  smokers  reported  reduced 


smoking  as  a  result  of  a  work-site 
policy.  Work-site  smoking  policies, 
intended  to  protect  against  smoke  ex- 
posure, may  also  reduce  employee 
smoking. 

Randomised  Double-Blind  Con- 
trolled Trial  of  Effect  of  Morphine 
on  Catecholamine  Concentrations 
in  Ventilated  Pre-Term  Babies — 

MW  Quinn,  J  Wild,  HG  Dean,  R 
Hartley,  JA  Rushforth.  JWL  Puntis, 
MI  Levene.  Lancet  1993:342:324. 

A  sick  premature  baby  who  requires 
intensive  care  will  undergo  many  un- 
comfortable procedures.  It  is  now  ac- 
cepted that  such  babies  perceive  pain 
and  need  adequate  analgesia,  but  lit- 
tle is  known  about  the  effects  of  seda- 
tion in  these  patients.  We  investi- 
gated the  use  of  morphine  to  provide 
analgesia  and  sedation  for  ventilated 
pre-term  babies  in  a  randomised,  dou- 
ble-blind, placebo-controlled  trial.  41 
mechanically  ventilated  babies  who 
had  been  treated  with  surfactant  (Cu- 
rosurf)  for  hyaline  membrane  disease 
were  randomly  assigned  morphine  in 
5%  dextrose  (100  /ig/kg  per  h  for  2  h 
followed  by  25  ^g/kg  per  h  continu- 
ous infusion)  or  5%  dextrose  (pla- 
cebo). Plasma  catecholamine  concen- 
trations were  measured  1  h  after  the 
first  dose  of  surfactant  and  24  h  later. 
Blood  pressure  was  measured  at 
study  entry  and  after  6  h.  The  mor- 
phine and  placebo  groups  showed  no 
differences  in  method  of  delivery, 
Apgar  scores,  birthweight,  gestation, 
or  catecholamine  concentrations  at 
baseline.  Morphine-treated  babies 
showed  a  significant  reduction  in 
adrenaline  concentrations  during  the 
first  24  h  (median  change  -0.4  [95% 
CI  -1.1  to  -0.3]  nmol/L,  p  <  O.OOI), 
which  was  not  seen  in  the  placebo 
group  (median  change  0.2  [-0.6  to 
0.6]  nmol/L.  p  =  0.79).  There  was  a 
nonsignificant  reduction  in  nora- 
drenaline concentration  in  the  mor- 
phine group.  Blood  pressure  showed 
a  slight  but  nonsignificant  fall  (me- 
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dian  -4  mm  Hg)  in  morphine-treated 
babies.  The  incidence  of  intraven- 
tricular haemorrhage,  patent  ductus 
arteriosus,  and  pneumothorax,  the 
number  of  ventilator  days,  and  the 
numbers  of  deaths  did  not  differ  sig- 
nificantly between  the  groups.  Mor- 
phine, in  the  dose  regimen  we  used, 
is  safe  and  effective  in  reducing 
adrenaline  concentrations  in  pre-term 
ventilated  babies. 


Management  of  Obstructive  Sleep 
Apnea  Syndrome  in  the  Home: 
The  Role  of  Portable  Sleep  Apnea 
Recording — MP  Coppola.  M  Law- 
ee.  Chest  1993;104:19. 

Unattended  four-channel  sleep  apnea 
recording  has  been  shown  to  be  an 
accurate  tool  in  the  diagnosis  of 
moderate  to  severe  obstructive  sleep 
apnea.  We  selected  1 1  patients  with 
severe  obstructive  sleep  apnea  who 
had  an  apnea-hypopnea  index  (AHI) 
determined  by  unattended  sleep  ap- 
nea recording.  The  mean  AHI  was 
41  (SD,  17.5).  We  began  nasal  con- 
tinuous positive  airway  pressure 
(NCPAP)  at  home  empirically  with  5 
cm  to  7.5  cm  of  pressure  for  several 
nights.  We  then  adjusted  the  level  of 
NCPAP  after  telephone  interview 
with  the  patients  and  their  significant 
others.  The  level  of  NCPAP  was  in- 
creased by  2.5-cm  increments  until 
the  patients  reported  cessation  of 
snoring  and  symptom  improvement. 
The  mean  NCPAP  was  8.0  cm  (SD, 
1.4).  We  repeated  the  overnight  sleep 
apnea  recording  while  on  NCPAP  in 
all  patients  at  home  to  determine 
their  response  to  therapy.  All  1 1  pa- 
tients had  documented  return  of  their 
AHI  to  normal  (mean  AHI,  2.4;  SD, 
1.6).  Statistically  significant  improve- 
ment was  noted  in  the  number  of  ob- 
structive apneas,  hypopneas,  total 
respiratory  events,  and  the  AHI.  Fol- 
low-up data  confirmed  that  patients 
had  improvement  in  their  symptoms 
and  remained  compliant  with  therapy 


(mean  follow-up  =  18  months;  SD, 
10.2).  No  serious  complications  were 
encountered  when  NCPAP  was  intro- 
duced in  an  unattended  setting.  We 
were  able  to  diagnose  and  treat  these 
patients  in  an  entirely  outpatient  set- 
ting. 

Evidence  for  Transmission  of  Pseu- 
domonas  cepacia  by  Social  Contact 
in  Cystic  Fibrosis — JRW  Govan, 
PH  Brown,  J  Maddison,  CJ  Doherty, 
JW  Nelson,  M  Dodd,  AP  Greening, 
AK  Webb.  Lancet  1993;342:15. 

Pulmonary  colonisation  with  Pseu- 
domonas  cepacia  in  patients  with 
cystic  fibrosis  can  be  associated  with 
increased  morbidity  and  mortality. 
The  modes  of  transmission  of  P  ce- 
pacia are,  however,  unclear.  We 
used  selective  media  and  phenotypic 
and  genomic  typing  systems  to  in- 
vestigate the  acquisition  of  P  cepacia 
by  adults  with  cystic  fibrosis.  An 
analysis  of  isolates  from  210  patients 
attending  regional  clinics  in  Edin- 
burgh and  Manchester  between  1986 
and  1992  showed  that  the  main  cause 
of  increased  isolations  of  P  cepacia 
from  1989  was  the  emergence  of  an 
epidemic  strain  that  had  spread  be- 
tween patients  in  both  clinics.  Epi- 
demiological evidence  indicated  that 
social  contact  was  important  in 
spread  of  the  epidemic  strain  within 
and  between  clinics.  We  suggest  that 
guidelines  to  limit  the  acquisition  of 
P  cepacia  should  not  be  restricted  to 
patients  in  hospital,  and  that  intimate 
or  frequent  social  contact  is  associat- 
ed with  a  high  risk  of  cross-infection. 

Hemodynamic  Effects  of  Oxygen 
Therapy  in  Patients  with  Acute 
Exacerbations  of  Chronic  Obstruc- 
tive Pulmonary  Disease — A  Este- 
ban,  E  Cerda,  MA  De  La  Cal,  JA  Lo- 
rente.  Chest  I993;104:471. 

The  effects  of  oxygen  therapy  in  pa- 
tients with  stable  COPD  have  been 
previously  reported;  however,  the  he- 


modynamic changes  induced  by  oxy- 
gen therapy  in  patients  during  acute 
exacerbations  of  COPD  are  less  well 
known.  To  investigate  the  hemody- 
namic effects  of  controlled  oxygen 
therapy  in  patients  with  acute  ex- 
acerbations of  COPD  shortly  after  ar- 
riving at  the  hospital,  we  studied  15 
consecutive  patients  who  came  to  the 
emergency  room  with  acutely  de- 
compensated COPD  that  did  not  re- 
quire mechanical  ventilation.  Pa- 
tients were  monitored  with  a  pul- 
monary artery  catheter  and  a  radial 
artery  catheter.  Oxygen  uptake  was 
calculated  by  the  modified  Pick 
equation.  Arterial  and  venous  blood 
gas  levels  and  hemodynamic  param- 
eters were  measured  while  breathing 
room  air  (baseline)  and  after  30  min 
on  oxygen  therapy  via  face  mask. 
Measurements  were  repeated  after  24 
and  48  h.  The  fractional  concentra- 
tion of  oxygen  in  the  inspired  gas 
(FiQ,)  administered  was  adjusted  to 
keep  the  PaO:  above  55  mm  Hg.  All 
patients  had  a  PaO:  below  45  mm  Hg 
at  the  beginning  of  the  study.  After 
30  min  of  oxygen  therapy,  there  was 
a  significant  (p  <  0.05)  increase  in 
arterial  oxygen  saturation  (from  62  ± 
16  to  87  ±  9%),  mixed-venous  oxy- 
gen pressure  (from  25  ±  5  to  43  ±  1 1 
mm  Hg),  and  oxygen  delivery  (from 
11.1  ±  3.7  to  19.3  ±  8.9  mL  ■ 
kg"'  •  min'').  Oxygen  uptake  did  not 
change  significantly  (from  4.1  ±  1.2 
to  4.3  ±  1.6  mL  ■  kg"'  •  min').  The 
oxygen  extraction  ratio  decreased 
from  37.5  ±  10.1  to  25.3  ±  9.6%. 
These  changes  were  maintained  dur- 
ing the  following  48  h.  There  were 
no  significant  changes  in  cardiac  out- 
put and  systemic  vascular  resistance. 
A  trend  toward  lower  values  of  pul- 
monary vascular  resistance  did  not 
reach  statistical  significance.  We 
conclude  that  oxygen  therapy  in  pa- 
tients with  acute  exacerbations  of 
COPD  that  do  not  require  mechan- 
ical ventilation  increases  oxygen  de- 
livery without  changes  in  cardiac 
output  or  oxygen  uptake. 
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Continuous  Fick  Cardiac  Output 
Measurement  during  Exercise  by 
Monitoring  of  Mixed  Venous  Oxy- 
gen Saturation  and  Oxygen  Up- 
take— N  Nakanishi.  T  Yoshioka.  Y 
Okano,  T  Nishimura.  Chest  1993; 
104:419. 

To  determine  whether  continuous 
Fick  cardiac  output  measurement  is 
applicable  to  exercise  testing,  cardiac 
output  data  obtained  by  the  continu- 
ous Fick  method  (Qcf)  during  ex- 
ercise were  compared  with  data  ob- 
tained by  the  thermodilution  method 
(Qth).  Seventeen  patients  with  old 
myocardial  infarction  underwent  a  1- 
min  or  3-min  incremental  exercise 
test  (Protocols  1  and  2,  respectively). 
During  exercise,  the  oxygen  con- 
sumption (V02),  arterial  oxygen  sat- 
uration (Sao:),  and  mixed  venous  ox- 
ygen saturation  (Sv02)  were  moni- 
tored continuously.  Qcf  was  calculat- 
ed at  12-s  intervals  by  the  Fick  equa- 
tion. The  Sao:  remained  almost  con- 
stant during  exercise.  The  Sv02 
showed  four  characteristic  phases 
during  exercise  Protocol  1 .  SyO:  val- 
ues changed  rapidly  in  Phases  2  and 
4,  but  only  slightly  during  Phase  3. 
In  exercise  Protocol  2.  SvO:  almost 
reached  a  steady  state  by  the  end  of 
each  stage.  The  correlation  between 
Qcf  and  Qth  was  good  in  Protocol  1  (r 
=  0.86),  except  in  Phases  2  and  4, 
and  was  also  good  in  Protocol  2  (r  = 
0.80).  We  conclude  that  the  continu- 
ous Fick  method  may  be  applicable 
for  determining  the  cardiac  output 
during  exercise  provided  that  the 
variation  in  Sv02  is  slight. 


Intraoperative  Transesophageal 
Echocardiography  for  the  Detec- 
tion of  Cardiac  Preload  Changes 
Induced  by  Transfusion  and  Phle- 
botomy in  Pediatric  Patients — DL 
Reich,  SN  Konstadt,  M  Nejat,  HP 
Abrams,  J  Bucek.  Anesthesiology 
1993;79:10. 


Intraoperative  blood  volume  changes 
are  difficult  to  monitor  in  pediatric 
patients.  The  authors  tested  the  hy- 
pothesis that  transesophageal  echo- 
cardiography would  identify  changes 
in  cardiac  filling  resulting  from  ma- 
nipulations of  blood  volume.  METH- 
ODS: Eleven  patients  (3-15  kg)  were 
studied  following  sternal  closure  af- 
ter repair  of  congenital  heart  lesions. 
Transesophageal  echocardiography  of 
the  midpapillary  left  ventricular  short 
axis  view  and  hemodynamics  were 
recorded  at  baseline  (Tl)  during 
withdrawal  of  blood  until  the  systolic 
blood  pressure  decreased  by  5  mm 
Hg  (T2)  and  10  mm  Hg  (T3)  and  af- 
ter reinfusion  of  the  blood  (T4).  The 
identical  cycle  of  blood  withdrawal 
and  reinfusion  was  repeated  after  ad- 
ministration of  calcium  chloride  (10 
mg/kg;  T5-T8).  RESULTS:  Manual- 
ly  traced   transesophageal   echocar- 


diography images  of  the  left  ven- 
tricular end-diastolic  area  decreased 
from  4.64  ±  1 .50  cm-  at  Tl  to  4.03  ± 
1.25  cm=  at  T2  to  3.78  ±  1.35  cm^  at 
T3,  and  increased  to  4.42  ±  1.75  cm'^ 
at  T4.  Nearly  identical  results  were 
obtained  at  T5-T8.  End-systolic  ar- 
eas significantly  decreased  from  1.96 
±  0.86  cm-  at  Tl  to  1.52  ±  0.73  cm^ 
at  T2  to  1.41  ±  0.62  cm=  at  T3,  and 
increased  to  1.87  ±  0.88  cm-  at 
T4.  An  experienced  anesthesiologist- 
echocardiographer  blinded  to  study 
events  was  able  to  identify  mild  re- 
ductions in  blood  volume  (T2,  T3, 
T6,  T7)  from  recorded  cineloop  vid- 
eo recordings  with  high  sensitivity 
(80-95%)  and  specificity  (80%). 
CONCLUSIONS:  Transesophageal 
echocardiography  is  a  potentially 
useful  monitor  of  cardiac  filling 
changes  in  pediatric  patients. 
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Race  and  Birthweight  in  Biracial 
Infants— JW  Collins  Jr.  RJ  David. 
Am  J  Public  Health  1993;83:1 125. 

OBJECTIVES:  The  purpose  of  the 
study  was  to  determine  the  role  of  in- 
fant race  as  a  determinant  of  the 
Black-White  disparity  in  low  birth- 
weight  (<  2.500  g).  METHODS: 
Univariate  analysis  and  multivariate 
logistic  regression  were  performed 
on  Illinois  vital  records  from  1982 
and  1983  and  on  1980  United  States 
census  income  data.  RESULTS: 
Fourteen  percent  of  the  infants  born 
to  Black  mothers  and  White  fathers 
were  of  low  birthweight.  compared 
with  9%  of  infants  bom  to  White 
mothers  and  Black  fathers  and  6%  of 
a  random  sample  of  White  infants. 
Both  groups  of  biracial  infants  were 
more  likely  to  have  been  born  to  un- 
married mothers  and  to  reside  in  very 
low-income  (<  $10,000  per  year) 
census  tracts  than  were  White  in- 
fants. When  all  confounding  vari- 
ables were  entered  into  a  logistic 
model,  the  adjusted  odds  ratio  of  low 
birthweight  for  biracial  infants  bom 
to  Black  mothers  and  White  fathers 
equaled  1.4.  When  biracial  infants 
born  to  White  mothers  and  Black  fa- 
thers were  compared  with  White  in- 
fants, the  adjusted  odds  ratio  of  low 
birthweight  equaled  I.O.  CONCLU- 
SIONS: Paternal  and  consequent  in- 
fant race  does  not  affect  the  birth- 
weight distribution  of  those  born  to 
White  mothers  and  Black  fathers. 
Unidentified  factors  closely  related 
to  maternal  race  underlie  the  Black- 
White  disparity  in  infant  birthweight. 

Increased  Frequency  of  Obstruc- 
tive Airway  Abnormalities  with 
Long-Term  Tracheostomy — JH  Law, 
K  Bamhart,  W  Rowlett.  O  de  la  Ro- 
cha,  S  Lowenberg.  Chest  1993;  104: 
136. 

Eighty-one  patients  with  long-term 
tracheostomy  tubes  (mean  duration. 
4.9  months)  were  examined  via  fib- 


eroptic bronchoscopy  prior  to  decan- 
nulation.  Obstructive  airway  lesions 
were  observed  in  54  patients  (67%). 
All  tracheal  lesions  were  anatom- 
ically located  proximal  to  the  stoma. 
No  cuff  lesions  were  observed.  The 
two  most  commonly  observed  le- 
sions were  tracheal  granuloma  (60%) 
and  tracheomalacia  (29%).  Less  fre- 
quently observed  lesions  were  trach- 
eostenosis (14%)  and  vocal  cord  and 
laryngeal  dysfunction  (8%).  As  a  re- 
sult of  the  high  frequency  of  tracheal 
abnormalities,  especially  that  for  tra- 
cheal granuloma  which  has  not  been 
previously  reported  (to  our  knowl- 
edge), we  recommend  that  all  decan- 
nulation  candidates  undergo  anatom- 
ic examination  of  the  airways. 

A  Randomized  Study  of  Out- 
patient Treatment  with  Ceftriax- 
one for  Selected  Febrile  Children 
with  Siclile  Cell  Disease — JA  Wili- 
mas,  PM  Flynn,  S  Harris,  SW  Day, 
R  Smith,  PJ  Chesney,  et  al.  N  Engl  J 
Med  1993:329:472. 

BACKGROUND:  Because  of  their 
susceptibility  to  pneumococcal  sep- 
sis, children  with  sickle  cell  disease 
and  fever  are  usually  hospitalized  for 
antibiotic  therapy.  Outpatient  treat- 
ment may  be  a  safe  and  less  ex- 
pensive alternative  for  selected  pa- 
tients. METHODS:  After  evaluation 
in  the  emergency  room,  children 
ranging  from  6  months  to  12  years  of 
age  who  had  sickle  hemoglobino- 
pathies and  temperatures  exceeding 
38.5°C  were  randomly  assigned  to 
treatment  as  either  inpatients  or  out- 
patients. We  excluded  from  random- 
ization children  at  higher  risk  of  sep- 
sis (as  defined  by  specific  criteria, 
including  temperature  above  40°C, 
white-cell  count  below  5,000  per  cu- 
bic millimeter  or  above  30,000  per 
cubic  millimeter,  and  the  presence  of 
pulmonary  infiltrates)  or  with  com- 
plications of  sickle  cell  disease  (such 
as  a  hemoglobin  level  below  5  g  per 
deciliter,     dehydration,     or     severe 


pain);  these  children  were  treated  as 
inpatients.  All  patients  received  an 
initial  intravenous  dose  of  ceftriax- 
one (50  mg  per  kilogram  of  body 
weight).  Those  treated  as  outpatients 
returned  24  hours  later  for  a  second 
dose  of  ceftriaxone,  whereas  the  in- 
patients were  treated  as  directed  by 
their  physicians.  RESULTS:  None  of 
the  86  patients  (with  a  total  of  98 
febrile  episodes)  in  the  randomized 
groups  had  sepsis,  as  compared  with 
6  of  the  70  patients  (7  of  86  epi- 
sodes) excluded  because  of  higher 
risk  (p  =  0.004).  Among  the  44  chil- 
dren (50  episodes)  assigned  to  out- 
patient treatment,  there  were  1 1  hos- 
pitalizations (22%  of  episodes) 
within  two  weeks  after  treatment 
(95%  confidence  interval,  12  to 
36%),  whereas  after  inpatient  care 
only  a  single  patient  (2%  of  epi- 
sodes) was  rehospitalized.  When  the 
randomized  groups  were  compared, 
outpatient  treatment  saved  a  mean  of 
$1,195  per  febrile  episode.  The  me- 
dian hospital  stay  was  3  days  (range, 
1  to  6)  for  the  children  randomly  as- 
signed to  inpatient  care  and  4  days 
(range,  1  to  18)  for  the  higher-risk 
children  treated  as  inpatients  (p  < 
O.OOI).  CONCLUSIONS:  With  the 
use  of  conservative  eligibility  cri- 
teria, at  least  half  the  febrile  episodes 
in  children  with  sickle  cell  disease 
can  be  treated  safely  on  an  outpatient 
basis,  with  substantial  reductions  in 
cost. 

Plethysmographic  Parameters  in 
the  Assessment  of  Reversibility  of 
Airways  Obstruction  in  Patients 
with  Clinical  Emphysema — F  Gi- 

meno,  DS  Postma,  R  van  Altena. 
Chest  1993:104:467. 

Slow  inspiratory  vital  capacity  (IVC) 
and  forced  expiratory  volume  in  1  s 
(FEV|)  before  and  after  an  inhaled /i- 
agonist  are  widely  used  to  detect  re- 
versible airflow  limitation  in  patients 
with  chronic  obstructive  lung  dis- 
ease. The  measurement  of  airways 
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resistance  (Raw)  during  quiet  breath- 
ing with  the  body  piethysmograph  is 
less  frequently  used.  It  may  well  be 
of  importance  in  clinical  emphysema 
where  measurement  of  FEV|  is  con- 
founded by  the  collapse  of  the  bron- 
chi, which  does  not  occur  when 
measuring  Raw  during  quiet  breath- 
ing. We  assessed  whether  Rrs,  in  ad- 
dition to  IVC  and  FEVi,  can  be  used 
to  gain  a  better  insight  into  the  re- 
versibility with  400  ^g  of  fenoterol 
in  patients  with  clinical  emphysema. 
We  studied  a  group  of  51  patients  (9 
women  and  42  men:  mean  [±  SD] 
age,  64.7  [7.7]  years)  who  had  a  clin- 
ical diagnosis  of  emphysema.  Sig- 
nificant reversibility  was  identified 
by  spirometry  (IVC,  FEVi)  and  body 
plethysmography  (Raw)  in  20  patients 
(39%).  Inspiratory  vital  capacity 
alone  identified  reversibility  of  air- 
flow limitation  in  1 1  patients  (22%). 
In  5  patients  (10%),  the  post- 
bronchodilator  improvement  was 
seen  exclusively  in  the  Raw  measure- 
ment. In  the  remaining  patients,  ab- 
sence of  improvement  in  spirometric 
and  plethysmographic  parameters 
was  found.  Subjective  improvement 
occurred  to  the  same  extent  in  pa- 
tients whose  Raw  and  IVC  improved. 
We  concluded  that  Raw  gives  impor- 
tant information  about  the  reversi- 
bility of  airways  obstruction  in  pa- 
tients with  clinical  emphysema. 
Therefore,  we  suggest  that  tests  dur- 
ing quiet  breathing  should  be  part  of 
the  routine  examination  of  airways 
obstruction  in  patients  with  "irre- 
versible" obstruction  by  conven- 
tional spirometry. 

Value  of  FXISA  Using  Antigen  60 
for  the  Diagnosis  of  Tuberculosis 
in  Children — C  Delacourt,  J  Gobin, 
J-L  Gaillard.  J  de  Blic,  M  Veron,  P 
Scheinmann.  Chest  1993;  104:393. 

We  evaluated  the  possible  value  of 
enzyme-linked  immunosorbent  assay 
(ELISA)  using  antigen  60  (A60)  for 
improved  diagnosis  of  tuberculosis 


in  children.  Results  obtained  in  31 
children  with  active  tuberculosis  and 
in  16  patients  with  tuberculous  in- 
fection without  disease  were  com- 
pared with  the  results  of  198  control 
subjects  with  no  mycobacterial  dis- 
ease. In  control  children,  anti-A60 
IgG  increased  with  age  and  the  op- 
tical density  (OD)  in  ELISA  assays 
rose  from  0.079  ±  0.053  (OD  ±  SD) 
in  children  younger  than  5  years  old 
to  0.146  ±  0.082  OD  in  children  old- 
er than  5  years.  In  control  subjects 
younger  than  2  years  old,  IgG  OD 
values  were  significantly  higher  in 
BCG-vaccinated  children  than  in 
nonvaccinated  children.  At  a  chosen 
specificity  of  98%,  a  positive  sero- 
diagnosis  was  observed  in  68%  of 
children  with  clinically  active  tu- 
berculosis. In  these  children  with  ac- 
tive disease,  smears  were  positive  in 
only  26%  of  cases  and  mycobacterial 
cultures  yielded  the  organism  in  45% 
of  cases.  None  of  the  infected  chil- 
dren without  disease  had  high  IgG 
OD  values,  IgM  measurements  were 
also  evaluated.  Mean  values  from 
control  and  diseased  children  over- 
lapped, leading  to  a  low  sensitivity 
(19%)  in  children  with  clinically  tu- 
berculosis active.  We  conclude  that 
anti-A60  IgG  measurement  is  a  rapid 
and  low-cost  technique  that  enhances 
the  diagnosis  of  clinically  active  tu- 
berculosis in  children  and  may  dis- 
tinguish recent  infection  without  dis- 
ease from  infection  with  disease. 

Hemodilution  with  Oxyhemo- 
globin: Mechanism  of  Oxygen  De- 
livery and  Its  Superaugmentation 
with  a  Nitric  Oxide  Donor  (So- 
dium Nitroprusside) — MW  Roo- 
ney,  LJ  Hirsch,  M  Mathru.  Anes- 
thesiology 1993:79:60. 

BACKGROUND:  Hemodilution  (HD) 
with  oxyhemoglobin  colloid  (oxyHb) 
provides  a  greater  arterial  oxygen 
content  (CaOi)  than  HD  with  conven- 
tional colloids;  however,  oxygen  de- 
livery (D02)  is  essentially  the  same. 


because,  in  contrast  to  conventional 
HD,  cardiac  output  (CO.)  is  not  aug- 
mented. This  study  seeks  to  elucidate 
the  mechanism  that  limits  CO.  dur- 
ing oxyHb-HD  and  to  test  whether 
infusion  of  a  nitric  oxide  (NO)  donor 
would  augment  D02,  because  oxyHb 
is  known  to  inactivate  in  vitro  endo- 
thelial-derived  NO.  METHODS:  An- 
esthetized dogs  were  isovolemically 
hemodiluted  with  10%  oxyHb,  8% 
albumin,  or  10%  methemoglobin 
(weak  NO  inactivator)  to  20%  hem- 
atocrit. After  HD,  sodium  nitro- 
prusside (SNP)  was  titrated  intra- 
venously until  decreases  (>  10  mm 
Hg)  in  mean  aortic  pressure  (Pai,)  in- 
dicated the  presence  of  exogenous 
NO.  Systemic  hemodynamics  and  re- 
gional blood  flows  (microsphere 
method)  were  measured.  RESULTS: 
Albumin-HD  and  metHb-HD  pro- 
duced typical  HD-mediated  respons- 
es: increased  CO.  (63-65%),  slight 
decreases  (13-15%)  in  D02,  decreases 
in  systemic  vascular  resistance 
(SVR)  proportional  to  the  decreases 
(49-52%)  in  blood  viscosity  of  all 
three  groups,  and  increased  regional 
blood  flows  (RBF).  Responses  to  ox- 
yHb-HD  were  atypical:  CO.  and  its 
determinants  were  not  changed,  Dq; 
decreased  (23%)  proportional  to  Ca02. 
and  SVR  and  most  RBF  were  not 
changed  except  for  a  net  redistri- 
bution of  CO.  to  myocardium  and 
skeletal  muscle.  In  albumin-HD  or 
metHb-HD,  SNP  (2-5  pg  •  kg"'  ■ 
min  ')  induced  comparable  decreases 
in  mean  Pa„  (29-37%)  and  SVR  (39- 
41%);  however,  CO.,  RBF.  and  Do: 
were  not  affected.  In  oxyHb-HD,  ex- 
ceptionally large  doses  of  SNP  (54  ± 
5  ^ig  ■  kg  '  •  min ')  decreased  mean 
Pao  only  19  ±  1%;  however,  CO.  in- 
creased 78  ±  5%  and  decreases  (61  ± 
3%)  in  SVR  were  slightly  greater 
than  viscosity  reductions.  Other  de- 
terminants of  CO.  were  not  affected. 
Most  RBF  increased  proportional  to 
CO.;  there  was,  however,  pref- 
erential distribution  to  myocardium 
and  skeletal  muscle.  Consequently, 
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Press  andlpathe  inhalers: 

For  mjPt  patients, 
ajtlgglingact. 


^^t 


The  reason: 

Pressing  and  breathing 
.  correctly  is  not  eas^ 


Studies  by  specialists  show 
press  and  breathe  inhalers  are 
frequently  used  incorrectly. 


Investigator 

No.  of  patients 

No.  with 
incorrect  teclinique 

Mayer  et  ar 

30 

93% 

Epstein  et  aP 

130 

89% 

Bailey  et  aP 

124 
101 

90% 
86% 

Orehek  et  aP 

20 

75% 

n  Up  to  50%  of  patients  revert  to  their 
previous,  incorrect  press  and  breathe 
inhaler  technique  following  retraining.^ 

D  Even  patients  who  have  good 
technique  are  inconsistent  in  applying 
it,  especially  during  an  acute  attack.^ 

D  Press  and  breathe  inhalers  may 
provide  suboptimal  therapy  when 
patients  use  incorrect  technique.^'^'^" 


Incorrect  technique  includes  the  inability  of  patients  to  coordinate  inspiration  with  dose 
delivery. 


Now  all  they  have  to  do 
is  breathe. 


/ 
Introducing  the  revolutionary 

MAXAIR 
AUTOHALER 

(pirbuterol  acetate 
inhalation  aerosol) 

The  only  breath-activated  aerosol  inhaler. 


Easier  to  use  correctly  and  easier 
to  teach  than  press  and  breathe  inhalers. 


Easier  to  use  and  teach. 


Press  and  breathe 

inhaler 

AUTOHALER 

(n=70) 

(n=70) 

Number  able  to  use 
inhaler  efficiently  after 
reading  instructions 

27  (39%) 

44  (63%) 

Number  able  to  use 
inhaler  efficiently  after 
written  and  verbal 

35  (50%) 

64  (91%) 

instruction 

In  a  study  of  70  subjects,  the  number  able  to  use  the  press  and  breathe  inhaler  and  Autohaler 
efficiently  after  reading  the  manufacturer's  instruction  pamphlet,  and  after  reading  the 
instructions  reinforced  by  verbal  tuition. 

Table  adapted  from  Crompton  and  Duncan," 

Even  patients  with  poor 
pulmonary  function  use  it 
correctly. 

D  In  a  multicenter  study  of  1 56  patients 
with  poor  pulmonary  function 
(FEVi<1,0  Land/or  PEFR<200L), 
96.8%  were  able  to  activate 
Autohaler  correctly,  ^^ 


Even  patients  with  limited 
manual  dexterity  use  it 
correctly. 

D  In  a  recent  clinical  trial,  70%  of  patients 
with  arthritis  (n=48)  had  little  or  no 
difficulty  using  Autohaler  correctly. ^^ 

D  58%  of  all  arthritis  patients  (n=48), 
however,  could  not  operate  traditional 
press  and  breathe  inhalers. ^^ 

Even  elderly  patients  use  it 
correctly. 

D  In  a  study  of  21  elderly  patients,  71  % 
were  able  to  improve  their  technique 
with  the  breath-activated  inhaler ^^ 

Maxair™  Autohaler™  provides  a 
consistent  dose  of  medication. 

n  Maxair  Autohaler  automatically 
delivers  a  metered  dose  at  the  right 
point  in  the  breathing  cycle,  thus 
eliminating  the  need  for  coordination 
of  pressing  and  breathing. ^^ 

Please  see  last  page  for  summary  of  prescribing  information. 


Maxair™  Autohaler™  a  more  economical 
way  to  deliver  therapy. 


400  inhalations  in  just 
one  canister. 

D  Lower  cost  per  inhalation  tlian 
Ventolin  or  Proventil  inhalation  aerosols. 


With  200  extra  inhalations, 
Maxair  Autohaler  is  like 
having  a  built-in  refill/ 

D  Offers  more  inhalations  than  any  other 
leading  bronchodilator. 

D  Fewer  trips  to  the  pharmacy  for  a 
prescription  refill. 


Prices  of  Ventolin  and  Proventil  are  based  on  the  current  published  average 
wholesale  prices  for  one  200  inhalation  press  and  breathe  complete  unit  and 
one  200  inhalation  refill  canister.  Price  of  Maxair  Autohaler  reflects  the  current 
published  average  wholesale  price  for  one  400  dose  unit.  (Source: 
Pharmaceutical  Data  Seivices,  May  1993.)  Retail  pricing  may  vary  from  com- 
munity to  community  and  may  affect  cost  savings  to  the  patient.  Ventolin  is  a 
registered  trademark  of  Allen  &  Hanburys;  Proventil,  of  Schering  Corp. 

Please  note:  Maxair  Autohaler  is  not  designed  or  intended  for  refill  use  or  for  use 
with  other  drug  canisters. 


First  line  for  the  prevention  and 
reversal  of  bronchospasm." 


Begins  working  within 
5  minutes  in  most  patients.^^ 

D  The  duration  of  action  is  maintained 
for  5  Inours  in  a  substantial  number  of 
patients,  These  observations  are  based 
on  a  15%  or  greater  increase  in  FEV^ 
and  were  made  5  hours  after  dosing. ^^ 

Contains  pirbuterol,  the  newest 
beta  agonist,  recognized  as 
similar  to  albuterol  by 
The  Medical  Letter.^^ 


As  with  other  beta  agonist  aerosols,  pirbu- 
terol is  a  sympathomimetic  amine  and  can 
produce  significant  cardiovascular  effects. 
Caution  should  be  taken  with  patients  with 
cardiovascular  disorders.  The  potential  for 
paradoxical  bronchospasm  and  excessive 
use  of  inhaled  beta  agonist  drugs  should  be 
kept  in  mind,  as  these  situations  can  be  life 
threatening.  Pirbuterol  is  not  recommended 
for  children  under  1 2  years  of  age.  The 
adverse  events  reported  for  pirbuterol  are 
typical  of  the  beta  agonist  class  of  inhaled 
drugs.  Thb  most  frequent  moderate  to 
severe  adverse  reactions  reported  in  clinical 
studies  are:  n^ousness  (6.9%),  tremor 
(6.0%),  headachp  (2.0%),  dizziness  (1 .2%), 
palpitations  (1 .7%),  tachycardia  (1 .2%), 
cough  (1 .2%)  and'nausea  (1 .7%). 


Increased  FEy. 


45%  - 

40%  - 

I            I                       Maxair  Autohaler  0.4  mg 

> 

35%  - 

tt'NLl 

30%  - 

1 

25%  - 

20%- 
I5%- 
10%- 

Placebo                 _j;v^ 

__o 

c?rj\      ^ — T             T                    ^ — ^ 

yi  1 1     1     1     1 

5%- 

f 

0%- 

-5%- 

3/r-j           ,           1            ,           1           ,           ,           ,           1           ,            ,           , 

0               12               3               4               5 

6 

Hours  after  study  drug  administration 

Mean  change  in  FEVi  from  baseline  alter  administration  of  placebo  aerosol  and  400  ^g 
Maxair  Aulohaler  (pirbuterol  acetate  inhalation  aerosol)  (n=14) " 

Low  incidence  of  cardiovascular 
sideeffects.^^ 

D  Studies  confirm  that  pirbuterol 
produces  rapid  and  sustained 
bronchodilation  with  minimal  adverse 
cardiac  effects.'^''^ 

D  Palpitations  1 .7%,  tachycardia  1 .2% 
(n=761).^^ 

Please  see  last  page  for  summary  of  prescribing  information. 

NEW  BREATH-ACnVATED 

MAXAIR 
AUTOHALER 

(pirbuterol  acetate 
inhalation  aerosol) 

It  helps  make  the  most 
of  aerosol  therapy. 


The  first  real  advance 

in  aerosol  delivery  systems 

in  35  years. 


Maxair  Autohaler... 

-  automatically  delivers  a  metered  dose  at 
the  right  point  in  the  breathing  cycle, 
thus  eliminating  the  need  for 
coordination  of  pressing  and  breathingJ^ 

-  is  easier  to  use  correctly  and  easier  to 
teach  than  press  and  breathe  inhalers.^^ 

-  provides  a  convenient  alternative  to 
cumbersome  spacer  devices.^" 

-  contains  400  inhalations  in  every 
canister,  twice  that  of  Ventolin  and 
Proventil  inhalation  aerosols 


n  The  switch  to  Maxair  Autohaler  is  easy- 
it  doesn't  require  a  new  dosage  regimen 
for  your  patients  who  have  previously 
been  using  a  conventional  inhaler. 

D  For  information  relating  to  medical  issues, 
please  call  the  3M  Pharmaceuticals 
Medical  Services  Department  at 
1-800-328-0255. 

Please  see  next  page  for  summary  of  prescribing  information. 

NEW  BREATH-ACTIVATED 

MAXAIR 
AUTOHALER 

(pirbuterol  acetate 
inhalation  aerosol) 

It  helps  make  the  most 
of  aerosol  therapy. 

References:  1.  Mayer  L,  Dobey  T,  Pingleton  8.  An  evaluation  with  Itie  aerosol  inhalation  monitor  (AIM)  of  experienced  adult  inhaler  users.  Am  Rev  Respir  Dis.  Apr  1992;l45(suppl  to  No.  4,  pt  2):A475, 
Abstract.  2.  Epstein  SW,  Manning  CPR,  Ashley  MJ,  et  al.  Survey  of  the  clinical  use  of  pressurized  aerosol  inhalers.  Can  Med  Assoc  J.  1979;120;813-816.  3.  Bailey  WC,  Richards  JM  Jr.  Broolts  CM,  et  al,  A 
randonnized  trial  to  improve  self-management  practices  of  adults  with  asthma.  Arch  Intern  Med.  1990:150:1664-1668.  4.  Orehek  J,  Gayrard  P,  Grimaud  CH,  et  al.  Patient  error  in  use  of  bronchodilator  metered 
aerosols.  Br  Med  J.  1976:1:76.  Abstract.  5.  Shim  C.  Williams  MH,  The  adequacy  of  inhalation  of  aerosol  from  canister  nebulizers.  Am  J  Med.  1980:69(6):891-894,  6.  Grossman  J,  The  evolution  of  inhaler 
technology,  J  Asthma.  In  press,  7.  Newman  SP,  Weisz  AWB,  Talaee  N,  et  al.  Improvement  of  drug  delivery  with  a  breath  actuated  pressurised  aerosol  for  patients  with  poor  inhaler  technique.  Thorax. 
1991:46:712-716.  8.  Self  TH,  Rumbak  MJ,  Kelso  TM,  Correct  use  of  metered-dose  inhalers  and  spacer  devices.  Postgrad  Med.  1992:92(3):95-106, 9.  Mayo  PH.  Richman  J.  Hams  HW,  Results  of  a 
program  to  reduce  admissions  for  adult  asthma,  Ann  Hem  Med  1990:112(1 1):864-871 ,  10.  Lindgren  S,  Bake  B,  Larsson  S,  Clinical  consequences  of  inadequate  inhalation  technique  in  asthma  therapy,  Eur 
J  Respir  Dis.  1 987:70:93-98.  1 1 .  Crompton  G,  Duncan  J,  Clinical  assessment  of  a  new  breath-actuated  inhaler.  Practitioner.  1 989:233:268-269.  12.  Fergusson  RJ,  Lenney  J,  McHardy  GJR,  et  al.  The  use  of 
a  new  breath-actuated  inhaler  by  patients  with  severe  airflow  obstruction,  £ur  Respir  J.  1991 :4:1 72-1 74,  13.  Arthur  V,  Pushkin  S,  Emery  P,  Inhaler  use  in  patients  with  arthritic  hands.  Oinical  Trials  and  Meta- 
Analysis.  1992:28:23-28,  14.  Diggory  P,  Bailey  R,  Vallon  A,  Effectiveness  of  inhaled  bronchodilator  delivery  systems  for  elderly  patients.  Age  Ageing,  1991 :20:379-382.  15.  Maxair  Autohaler  prescribing 
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MAXAIR™ 
AJTOHALER™ 

(pirbuterol  acetate  inhalation  aerosol)  Bronchodilator  Aerosol 

For  Inhalation  Only 

BRIEF  SUMMARY 

INDICATIONS  AND  USAGE:  MAXAIR  AUTOHALER  is  indicated  lor  Ihe  prevention  and  reversal  of 

brri  ■    1  ;         ,  :■  'ii',  with  reversible  bfonchospasm  including  asthma.  It  niay  be  used  with  or  without 

coil,  i /I'-. 1 1'-.  [■',  'iiM,irid/or  steroid  therapy 

CONTRAINDICATIONS:  MAXAIR  is  conttaindicated  in  patients  with  a  history  o(  hypersensitivity  to 

any  ol  its  ingredients 

WARNINGS:  As  with  olhef  beta  adrenergic  aerosols.  MAXAIR  should  not  be  used  in  excess.  Controlled 

clinical  studies  and  other  clinical  experience  have  shown  that  MAXAIR  like  other  inhaled  beta  adrenergic 

agonists  can  produce  a  signilicant  cardiovascular  etfecl  in  some  patients,  as  measured  by  pulse  rate, 

bfood  pressure,  symptoms,  and/or  ECG  changes  As  with  other  beta  adrenergic  aerosols,  the  potential 

lor  paradoxical  bronchospasm  (which  can  be  lile  threatening)  should  be  kept  in  mtnd.  II  it  occurs,  the 

preparation  should  be  discontinued  immediately  and  alternalive  therapy  instituted 

Fatalities  have  been  reported  m  association  wilh  excessive  use  ol  inhaled  sympathomimetic  drugs 

The  contents  ot  MAXAIR  AUTOHALER  are  under  pressure,  Do  not  puncture  Do  nol  use  or  store 
near  heat  or  open  flame  Exposure  lo  temperature  above  120''F  may  cause  bursting.  Never  throw 
container  into  fire  or  incinerator  Keep  out  of  reach  of  children. 

PRECAUTIONS:  General  —  Since  pirbuterol  Is  a  sympathomimetic  amine,  it  should  be  used  with 
caution  in  patients  with  cardiovascular  disorders,  including  ischemic  heart  disease,  hypertension,  or 
cardiac  arrhythmias,  in  patients  wilh  hyperthyroidism  or  diabetes  mellitus,  and  in  patients  who  are 
unusually  tesponsive  lo  sympathomimetic  amines  or  who  have  convulsive  disorders.  Significant  changes 

iii'.v.ii!'  ,rl.)r.' ii'.iiii  ;.■■■■.  Mire  could  be  expected  to  occur  in  some  patients  after  use  ot  any  beta 

ad-     1       ■  I     .  ■  ':■  ■ 

Inlormalion  lor  Patients  '.■.■' '  AIR  effects  may  last  up  to  live  hours  or  longer.  It  should  nol  be  used 
mo!'  in.;i't,ii  I'  ;■■■■■  ]■  i  I!  1 'tie  patient  should  no!  increase  the  number  of  inhalations  or  frequency  ol 
use  without  first  asking  the  physician  II  symptoms  ol  asthma  get  worse,  adverse  reactions  occur,  or  the 
patient  does  not  respond  lo  ttie  usual  dose,  the  patient  should  be  instructed  to  contact  Ihe  physician 
immediately.  The  patient  should  be  advised  to  see  the  Illustrated  Patient's  Instructions  lor  Use. 

The  Autohaler  actuator  should  nol  be  used  with  any  other  inhalation  aerosol  canister  In  addition, 
canisters  lor  use  wilh  MAXAIR  AUTOHALER  should  not  be  utilized  wilh  any  other  actuator 
Drug  Interactions  —  Other  beta  adrenergic  aerosol  bronchodilalors  should  not  be  used  concomitantly 
with  MAXAIR  because  they  may  have  additive  effects  Beta  adrenergic  agonists  should  be  administered 
with  caution  to  patients  being  treated  with  monoamine  oxidase  inhibitors  or  tricyclic  anhdepressants, 
sun  ■  'tir  ]  !  .■:!  I  ■  1  -',1.1  !■■:  '1  ;,  ,11)  ii.i''  i!.  r.'  ..1 .  ii.ii  '..ystem  may  be  potenhated. 
Carcinogenesis.  Mutagenesis  anri  Impairment  ol  Fertility  —  Pirbuterol  hydrochloride  administered  in 
tt^         '  was  tree  ol  carcinogenic  achvity  at  doses 

0 '■  I  1  !'.  r  dose  In  addition,  the  intragastric  inlubahon 

0' '      :  ■    'S  Itie  maximum  recommended  human  daily  inhalation 

d.  '..'-month  rat  study  Studies  with  pirbuterol  revealed  no 

ev:  n  rats  revealed  no  evidence  ol  impaired  fertility. 

Teratogenic  Ettects  —  Pregnancy  Calegory  C  —  Reproduction  studies  have  been  performed  in  rats 
and  rabbits  by  the  inhalation  route  at  doses  up  to  12  times  (rat)  and  16  times  (rabbit)  the  maximum  human 
inhalation  dose  and  have  revealed  no  significant  findings.  Animal  reproduction  studies  in  rats  at  oral  doses  up 
to  300  mg/kg  and  in  rabbits  at  oral  doses  up  to  100  mg/kg  have  shown  no  adverse  effect  on  reproductive 
behavior,  lertllity,  litter  size,  peri-  and  postnatal  viability  or  letal  development.  In  rabbits  at  the  highest  dose 
lev   ::    '    "i":!":  ,■  I'tfj,  abortions  and  letal  mortality  were  observed.  There  are  no  adequale  and  well 

[. ;  "ijiiant  women  and  MAXAIR  should  be  used  during  pregnancy  only  it  Ihe  potential 

til'!  viii,airisktothetetus 

Nursing  Mothers      It  is  not  known  whether  MAXAIR  is  excreted  in  human  milk  Therefore,  MAXAIR 

s\  ■     ::         :  :      ;  nursing  only  il  the  potential  benefit  justifies  the  possible  risk  to  Ihe  newborn 

Pediatric  Use      f.lAXAtR  AUTOHALER  is  not  recommended  lor  patients  under  Ihe  age  ol  12  years 

b^'  I .  ■  r    ■■  i.linical  data  to  establish  safety  and  effectiveness. 

ADVERSE  REACTIONS:  The  following  rates  ol  adverse  reactions  to  pirbuterol  are  based  on  single  and 

multiple  dose  cimical  trials  involving  761  patients.  400  of  whom  received  multiple  doses  (mean  duration  of 

treatment  was  2.5  months  and  maximum  was  1 9  months). 

The  following  were  the  adverse  reactions  reported  more  Irequently  than  1  in  100  patients.  CNS: 
nen/ousness  (6.9%),  tremor  (6  0%),  headache  (2  0%),  dizziness  (1  2%)  Cardiovascular:  palpitations 
(1,7%),  tachycardia  (1  2^.1  Respiratory; :  mi,,]',  n  :■■■,;  Gastrointestinal:  di  ..nWri 

The  lollowing  advei'  .■!■■'■  ,  ■  i  ■  '  i  '■,'■'  ''.'■■'  ■  '  ■  ■  ■  ..ly  be  a 
causal  relationship  wii!:  :    ■  CNS:   .  ,■,■  j^ness, 

hyperkinesia,  syncope  Cardiovascular: ',i  i"  '  ■:;'!:-r  '  '::  Gastromlestlnal: 
dry  mouth,  glossitis,  abdommai  pam/cramps.  anorexia  Oiarrnea,  ■Ltomaiiiis,  nausea  ana  vuiniiifig  Ear, 
Nose  and  Ttiroat:  smell/tasie  changes,  sore  throat  Dermatological:  rash,  pruritus  Other: 
numbness  in  extremities,  alopecia,  bruising,  latigue,  edema,  weight  gam.  Hushing 

Other  adverse  reactions  were  reported  with  a  frequency  ol  less  than  1  in  100  patients  but  a  causal 
relationship  between  pirbuterol  and  the  reaction  could  not  be  determined:  migraine,  productive  cough, 
wheezing,  and  dermatihs. 

The  following  rates  ot  adverse  reactions  during  three-month  controlled  clinical  trials  involving  310 
patients  are  noted  The  table  does  not  include  mild  reactions 

PERCENT  OF  PATIENTS  WITH  MODERATE  TO  SEVERE  ADVERSE  REACTIONS 


Pirbuterol  IVIetaproterenol 

Pirbuterol  Melaprolerenol 

Reaction 

N-  K7 

M  .  153 

Reaction             N  - 157 

N  =  153 

Central  Nenious  System 

Gastrointestinal 

Itemors 

13% 

3.3% 

nausea 

1,3% 

20% 

nervousness 

4,5% 

2.6% 

diarrhea 

1,3% 

0,7% 

headache 

1.3% 

2,0% 

dry  mouth 

1,3% 

13% 

weakness 

,0% 

1.3% 

vomiting 

0% 

0,7% 

djowsiness 

.0% 
0.6% 

0,7% 
,0% 

Dermatolagical 

skin  reaction 

0% 

07% 

Cardiovascular 

rash 

0% 

13% 

palpflations 

13% 

13% 

Other 

bruising 

tachycardia 

13% 

2  0% 

0  6% 

0% 

Respiratory 

smell/taste  change 

0  6% 

0% 

chesi  pain/lightness     1 3% 

0% 

backache 

0% 

07% 

cough 

0% 

07% 

laligue 

0% 

0,7% 

hoarseness 

,0% 

0,7% 

nasal  congestion 

,0% 

0  7% 

OVERDOSAGE:  Ttie  expected  symptoms  wjh  overdosage  are  those  ot  excessiw  beta-stimulation  and/or  any  ol 

the  symptoms  listed  under  arlverse  reactions,  eg.  angina,  hypertension  or  hypotension,  arrhythmias, 

nervousness,  headache,  tremor,  dry  mouth,  palpilalion.  nausea,  dizziness,  latigue.  malaise,  and  insomnia 
Treatment  consists  ol  disconlinuation  of  pirbuterol  together  with  appropriate  symptomatic  therapy 
The  oral  acute  lethal  dose  in  male  and  temale  rals  and  mice  was  greater  than  2000  mg  base/kg  The 

aerosol  acute  lethal  dose  was  not  determined 

CAUTION:  Federal  law  prohibtls  dispensing  without  prescription 

Slore  between  15°  and  30°C  (59°  to  86°F) 

For  Full  Prescribing  inlormalion,  see  pacitage  insert. 
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Super  RT  and  the  Smokebusters  Club  have  a  new  face!  New 

scripts,  bags,  and  stickers  enlighten  children  on  how  to  care  for 

their  lungs.  Don  a  Super  RT  t-shirt  and  use  puppets  and  skits  to 

entertain  and  teach  children  about  caring  for  their  lungs. 

Kit  contains  a  Super  RT  t-shirt,  three  puppets,  three  scripts,  30 

activity  books,  30  Non-Smoking  Fans,  30  Smokebusters  Stickers, 

30  bags,  a  lesson  plan  for  presentations,  and  suggestions  for 

future  projects. 

Item  PR7,  $40,  Complete  Kit.  Member  $30 

Item  PR8,  $12,  10  Extra  Activity  Books.  Member  $8 

Item  PR30,  $2,  Smokebusters  Stickers,  Pkg  50,  Member  $1 

Item  PR31,  $12,  Smokebusters  Bags,  Pkg  50,  Member  $6 
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Videoconferences 

Earn  Continuing  Education  Credit  with  the 
1993  AARC  Videoconferences 


With  the  1993  Professor's  Rounds 
in  Respiratory  Care  series,  your  staff 
can  earn  up  to  six  continuing 
education  credits  without  leaving 
your  institution.  Programs  focus  on 
the  latest  advances  in  respiratory 
care.  Case  studies  provide  viewers 
with  an  in-depth  look  at  the 
decision-making  process  of  patient 
care.  These  are  must-see  programs 
for  everyone  involved  in  a  patient's 
respiratory  care. 


Programs  are  ideal  for  every  staff  member,  up-and- 
coming  practitioners,  medical  directors, 
administrators,  department  directors,  supervisors, 
and  other  allied  health  practitioners. 

Each  live,  90-minute  program  is  interactive,  giving 
viewers  the  opportunity  to  ask  questions  and 
discuss  the  issues  further.  Each  program  earns 
viewers  one  CE  credit. 


Clinical  Focus 

Unconventional  Methods  for 
Adult  Oxygenation  and 
Ventilation  Support 

David  J.  Pierson,  MD,  and  James  K.  Stoller,  MD 
December  2,  1993:  12:30  p.m.  to  2  p.m.  EST 


To  register  or  for  more  information,  send  all 
correspondence  to:  AARC  Videoconferences, 
Attn:  Registration  SATNET  4,  P.O.  Box  140909, 
Irving,  TX  75014-0909. 


Visit  AARC  Booths  1004,  1006, 
1008  and  1010  In  Nashville 
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the  augmented  CO.,  and  CaO:  of  oxy- 
Hb-HD,  produced  large  increases  in 
D02.  77  ±  5%  from  HD  alone  and  43 
±  3%  from  prehemodilution  values. 
CONCLUSIONS:  This  study  in- 
dicates that  the  limited  CO.  and  Dq: 
of  oxyHb-HD  resulted  from  op- 
posing changes  in  two  determinants 
of  flow,  ie,  reduced  blood  viscosity 
and  increased  arterial  resistance 
(vasoconstriction).  The  vasoconstric- 
tion was  not  evident  with  metHb-HD 
and  was  reversed  by  the  SNP  in- 
fusion, indicating  that  oxyHb  in- 
activated in  vivo  endothelial-derived 
NO.  The  ability  of  the  NO  donor 
(SNP)  to  facilitate  large  viscosity- 
mediated  increases  in  Dqi  during  ox- 
yHb-HD  is  an  important  finding  that 
could  potentially  render  oxyHb  col- 
loids more  useful  than  conventional 
colloids,  particularly  for  the  in- 
dividual with  a  compromised  circula- 
tion who  would  benefit  from  an  in- 
creased oxygen  supply. 


Smoking  and  Pregnancy  Outcome: 
Trends  among  Black  Teenage 
Mothers  in  Missouri — GH  Land, 
JW  Stockbauer.  Am  J  Public  Health 
i993;83:1121. 

OBJECTIVES:  The  purpose  of  this 
study  is  to  analyze  the  smoking 
changes  that  have  occurred  among 
pregnant  Black  teenagers  in  Mis- 
souri. The  study  also  examines 
changes  in  Black  teenage  pregnancy 
outcomes  in  relation  to  smoking  be- 
havior changes.  METHODS:  This 
analysis  used  computerized  data  files 
from  the  1978  to  1990  Missouri  birth 
certificates  to  acquire  information  on 
smoking  during  pregnancy  for  41,544 
Black  teenagers  and  105,170  White 
teenagers.  All  Missouri  births  with 
smoking  history  were  included  in  the 
study.  RESULTS:  During  the  study 
period,  the  rate  for  Blacks  who 
smoked  during  pregnancy  decreased 
from  37%  in  1978  to  less  than  22% 
in  1990.  A  large  part  of  this  reduc- 


tion is  attributable  to  Black  teen- 
agers, whose  smoking-during-preg- 
nancy  rate  declined  from  35.8%  to 
7.2%'.  Additionally,  the  Black  teen- 
age-specific low-birthweight  rate  de- 
creased by  13.6%  over  the  study  pe- 
riod, possibly  influenced  by  the  de- 
crease in  smoking.  CONCLUSIONS: 
The  results  indicate  that  a  major 
norm  has  changed  in  smoking  status 
among  pregnant  Black  teenagers. 
Understanding  the  reasons  behind 
this  change  could  assist  smoking  ces- 
sation and  other  health  promotion  ef- 
forts. 


The  Optimal  Time  for  Measuring 
the  Cardiorespiratory  Effects  of 
Positive  End-Expiratory  Pressure 

— M  Patel,  M  Singer.  Chest  1993; 
104:139. 

No  study  has  elucidated  the  mini- 
mum time  taken  for  oxygen  delivery 
to  reach  steady-state  levels  after  an 
increase  in  positive  end-expiratory 
pressure  (PEEP).  We  therefore  inves- 
tigated 10  ventilated  patients  who  re- 
ceived a  total  of  27  increments  in 
PEEP  of  5  cm  H;0.  Cardiorespira- 
tory parameters  were  measured  at 
baseline,  at  1  min,  and  thereafter  at 
5-min  intervals  until  2  consecutive 
measurements  of  oxygen  delivery 
were  constant.  Cardiac  output  was 
measured  continuously  using  an 
esophageal  Doppler  transducer.  The 
PEEP  was  increased  to  a  maximum 
of  20  cm  H:0  or  until  oxygen  de- 
livery fell  by  15%.  Increases  in 
PEEP  were  always  associated  with 
increases  in  oxygen  saturation.  Car- 
diac output  decreased  in  the  majority 
of  cases,  the  greatest  falls  occumng 
in  the  first  minute  after  an  increase  in 
PEEP,  and  with  higher  levels  of 
PEEP.  No  significant  changes  in  ox- 
ygen delivery  occuned  after  15  min. 
We  therefore  recommend  that  15 
min  be  allowed  to  elapse  after  an  in- 
crease in  PEEP  before  oxygen  de- 
livery is  reassessed. 


Does  Implementing  Pulse  Oxim- 
etry in  a  Critical  Care  Unit  Result 
in  Substantial  Arterial  Blood  Gas 
Savings?— KJ  Inman,  WJ  Sibbald, 
PS  Rutledge,  M  Speechley,  CM  Mar- 
tin, BJ  Clark.  Chest  1993:104:542. 

OBJECTIVES:  To  examine  the  im- 
pact of  pulse  oximetry  on  the  use  of 
arterial  blood  gas  and  other  labor- 
atory determinations  and  to  examine 
predictors  of  the  use  of  arterial  blood 
gas  measurements.  DESIGN:  Before 
(preoximetry ) / after  ( postoximetry) 
study.  SETTING:  Thirty-bed  multi- 
disciplinary  critical  care  unit.  PA- 
TIENTS: Consecutive  admissions  of 
300  patients  (150  before  and  150  af- 
ter oximetry).  MEASUREMENTS: 
For  each  patient  examined,  the  num- 
ber of  arterial  blood  gas  determi- 
nations, serum  electrolyte  levels, 
complete  blood  chemistries,  arterial 
lactate  levels,  and  creatinine  samples 
were  recorded  for  the  initial  9  days 
of  the  stay  in  the  critical  care  unit. 
These  data  were  stratified  by  nursing 
shift  (day  vs  night)  and  by  the  source 
of  the  admission  (medical  vs  sur- 
gical). Other  information  collected 
included  demographic  variables,  the 
severity  of  illness,  the  length  of  stay 
in  the  critical  care  unit,  and  various 
ventilatory  parameters.  RESULTS: 
Introducing  pulse  oximetry  was  as- 
sociated with  a  marginal  (10.3%;  p  < 
0.025)  reduction  in  the  use  of  arterial 
blood  gas  determinations.  This  de- 
crease was  accounted  for  by  changes 
occurring  on  the  night  shift  and  in 
the  surgical  patient.  These  findings 
were  also  observed  for  serum  elec- 
trolyte determinations.  No  significant 
differences  in  the  use  of  arterial 
blood  gas  measurements  were  found 
for  medical  patients.  No  significant 
differences  were  found  in  the  use  of 
arterial  lactate  levels,  complete  blood 
chemistries,  or  creatinine  determina- 
tions. Significant  predictors  of  arteri- 
al blood  gas  determinations  included 
the  number  of  days  intubated,  the 
number  of  ventilator  orders,  the  num- 
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66  In  Pressure 
Regulated  Volume 
Control,  as  the 
patient's  compliance 
changes,  the  Servo 
Ventilator  300  with  its 
real-time  control,  adjusts 
to  find  the  lowest 
possible  pressure  to 
deliver  the  guaranteed 
volume.  99 


66  Recently,  a  patient 
who  had  ARDS  was 
placed  on  the  ventilator 
in  the  PRVC  mode. 
We  were  able  to 
ventilate  her  with 
consistently  low  peak 
airway  pressures, 
and  she  improved  at 
a  more  rapid  pace  than 
we  anticipated.  §^ 


66  The  flexibility  of  the 
Servo  300  is  superior. 
With  a  simple  turn  of  a 
dial,  you  can  make 
ventilatory  adjustments 
and  move  between 
different  modes.  §f 


66  Just  as  the 
Servo  900C  did  when 
it  was  introduced,  the 
gas  delivery  system  of 
the  Servo  300  has  set 
a  new  standard.  §5 


Wilmington,  North  Carolina 


66  In  volume 
support,  thfe  Servo 
300  automatically 
fine-tunes  the  pressure 
support  level  breath- 
by-breath,  and  frees 
the  therapist  for 
other  duties.  It's 
much  more 
efficient.  99 


66  Patients  feel 
more  comfortable  on 
the  Servo  Ventilator 
300.  And  it  can  be 
used  with  neonates, 
pediatrics,  and  adults- 
one  ventilator, 
versus  many 
ventilators.  99 


Altanding  Physic 
Ityot 


Siemens  can  also  bring  you 
the  very  best  in  ventilator  care. 
For  more  information  on 
the  Servo  Ventilator  300® 
or  to  arrange  a  personal 
demonstration,  contact  your 
local  Siemens  representative. 
Or  call  toll-free. 


Siemens  Medical  Systems,  Inc. 

Patient  Care  Systems  Division 
16  Electronics  Avenue 
Danvers,  MA  01923 
Toil-Free  1-800-333-8646 
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ber  of  days  on  an  inspired  oxygen 
content  (F102)  greater  than  50%,  and 
the  acute  physiology  and  chronic 
health  evaluation  II  (APACHE  II) 
score.  CONCLUSIONS:  The  imple- 
mentation of  pulse  oximetry  in  this 
manner  gives  an  idea  how  effective 
the  technology  will  be  in  reducing 
the  use  of  arterial  blood  gas  determ- 
inations without  guidelines  for  the 
use  of  pulse  oximetry.  As  only  a 
marginal  decrease  was  observed  in 
the  total  population  of  medical  and 
surgical  patients,  and  only  on  the 
night  shift,  formal  and  standardized 
guidelines  for  the  most  efficient  use 
of  pulse  oximetry  should  be  con- 
sidered. If  these  were  considered, 
pulse  oximetry  may  indeed  make  a 
significant  contribution  to  improving 
the  efficiency  of  care  services. 


Comparison  of  BiPAP  Nasal  Ven- 
tilation and  Ventilation  via  Iron 
Lung  in  Severe  Stable  COPD— T- 

C  Lien.  J-H  Wang,  M-T  Chang,  C-D 
Kuo.  Chest  1993;104:460. 

The  effects  of  noninvasive  venti- 
lators on  COPD  remain  controversial 
because  of  their  obscure  mech- 
anisms. A  randomized  crossover 
study,  using  iron  lung  and  positive 
pressure  nasal  ventilation  (BiPAP) 
each  for  40  min,  was  per-formed  in 
1 1  stable  patients  with  severe  COPD. 
Throughout  the  study,  we  monitored 
surface  EMGdi,  EMGst,  ECG,  SaO,, 
ETco;,  and  the  movements  of  RC 
and  AB.  Afterwards  the  data  were  re- 
played to  calculate  Vj.  RR,  pulse 
rate,  Vj/Ti,  iEMG,  and  phase  angle. 
No  statistically  significant  improve- 
ment was  found  in  view  of  the  above 
parameters.  However,  the  percentage 
of  iEMGst  change  after  40-min  Bi- 
PAP ventilation,  compared  with  the 
baseline,  was  much  more  significant 
in  patients  with  FEVi  below  0.55  L 
than  those  with  FEVi  above  0.55  L 
(n  =  4:7,  iEMGst  -62.93%  ± 
23.27%  vs  32.45%  ±  42.79%,  p  = 


0.0056).  iEMGst  correlated  sig- 
nificantly with  FEVi  during  BiPAP 
ventilation  (p  <  0.05,  r  =  0.59).  We 
conclude  that  the  iEMGst  during 
short-term  BiPAP  ventilation  corre- 
lates with  the  severity  of  the  disease. 


Health  Effects  and  Exposure  As- 
sessment of  Aerosolized  Pentami- 
dine Handlers — MA  McDiarmid,  J 
Fujikawa,  J  Schaefer,  G  Weinmann, 
RE  Chaisson,  CA  Hudson.  Chest 
1993:104:382. 

Nurses  administering  aerosolized 
pentamidine  (AP)  were  studied  to  de- 
termine any  effect  AP  may  be  having 
on  their  health.  Exposure  was  de- 
termined by  each  nurse's  self-report 
of  treatment  given  as  recorded  in  a 
daily  log  and  personal  and  area  pen- 
tamidine sampling.  Outcome  meas- 
ures were  self-reported  symptoms  re- 
corded in  a  daily  log  and  peak 
expiratory  flow  rates  (PEER)  and 
cross-shift  and  cross-week  pulmo- 
nary function  tests  (PFTs).  Results 
revealed  no  dose-response  effect  of 
pentamidine  exposure  on  cross-shift 
and  cross-week  PFTs.  However,  de- 
clines in  cross-shift  PEFRs,  diffusion 
capacities,  and  increased  symptom 
complaints  were  observed  for  a  sub- 
set of  the  study  population.  This  sug- 
gested that  outcomes  were  modulat- 
ed by  host  factors  (history  of  hay 
fever  and  allergy)  as  well  as  expo- 
sure doses.  Treatment  booth  efficacy 
in  containing  fugitive  AP  aerosol 
was  also  corroborated  as  a  means  of 
minimizing  worker  exposure. 


Positive  End-Expiratory  Pressure 
Lowers  the  Risk  of  Laser-Induced 
Polyvinylchloride  Tracheal-Tube 
Fires — AG  Pashayan.  C  SanGio- 
vanni,  LE  Davis.  Anesthesiology 
1993:79:83. 

BACKGROUND:  The  possibility  of 
ignition  of  polyvinylchloride  (PVC) 


tracheal  tubes  by  a  CO:  laser  is  of 
concern  in  patients  undergoing  CO2 
laser  surgery  of  the  airway.  The  au- 
thors analyzed  the  ignition  of  PVC 
tracheal  tubes  by  a  CO2  laser  beam  to 
determine  what  variables  were  in- 
volved, and  then  designed  a  study  to 
determine  how  they  affect  the  in- 
cidence of  such  fires.  METHODS: 
For  the  analysis,  PVC  tracheal  tubes 
were  enclosed  in  a  clear  plexiglass 
enclosure  and  a  laser  beam  was  fo- 
cused on  the  tubes.  The  enclosure 
contained  one  of  three  different  gas 
combinations.  A  high-speed  camera 
photographed  the  tubes  during  the 
analysis  and  showed  that  tracheal 
tube  perforation  always  preceded  ig- 
nition in  all  three  gas  combinations. 
These  results  led  to  the  hypothesis 
that  intraluminal  gauge  pressure 
(IGP)  may  be  an  important  variable, 
because  it  would  affect  the  flow  of 
O2  across  the  perforation.  This  hy- 
pothesis was  tested  by  aiming  a  CO2 
laser  beam  at  PVC  tracheal  tubes  and 
varying  IGP  in  0.25-cm  H2O  in- 
crements, from  0.25  to  28  cm  H2O, 
while  nitrogen  (N2)  or  helium  (He) 
containing  O2  at  40,  50,  or  60% 
flowed  through  the  tubes.  To  sim- 
ulate the  clinical  effect  of  IGP  on 
PVC  tracheal  tube  ignition,  we  used 
a  mechanical  lung  model  connected 
to  an  anesthesia  breathing  circuit 
with  a  standing  bellows  ventilator  in 
which  60%  He  and  40%  O2  flowed 
through  a  PVC  tracheal  tube.  Laser 
beam  exposure  was  started  at  three 
different  times  during  the  respiratory 
cycle:  at  the  start  of  inspiration,  at 
the  end  of  inspiration,  or  at  the  end 
of  expiration.  Also,  for  each  condi- 
tion, trials  were  made  at  baseline  cir- 
cuit pressure  (2.5  cm  H:0)  and  at  5.0 
cm  H2O  by  the  addition  of  2.5  cm 
H2O  positive  end-expiratory  pressure 
(PEEP)  applied  to  the  circuit.  RE- 
SULTS: The  incidence  of  tracheal 
tube  ignition  decreased  as  IGP  in- 
creased. The  IGP  at  which  ignition 
did  not  occur  (which  increased  as  O2 
concentration  increased)  did  not  dif- 
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fer  between  N2  and  He  at  40%  O2, 
but  was  twice  as  high  with  Ni  as 
with  He  at  O:  of  50%  and  60%.  Fires 
never  occurred  when  PEEP  was  add- 
ed to  the  system  and,  when  PEEP 
was  not  added,  always  started  during 
the  last  2  s  of  end  expiration  (when 
airway  pressure  is  lowest),  regardless 
of  when  the  laser  beam  was  activat- 
ed. CONCLUSIONS:  It  is  rec- 
ommended that,  in  addition  to  other 
safety  practices,  PEEP  be  added  to 
the  breathing  circuit  during  CO:  laser 
operations  on  the  airway  in  which 
PVC  tracheal  tubes  or  laser-resistant 
tracheal  tubes  with  PVC  components 
are  used. 

The  Lack  of  Effect  of  Routine 
Magnesium  Administration  on 
Respiratory  Function  in  Meciian- 
ically  Ventilated  Patients — D  John- 
son, C  Gallagher,  M  Cavanaugh,  R 
Yip,  I  Mayers.  Chest  1993;  104:536. 

STUDY  OBJECTIVE:  We  wished  to 
determine  if  magnesium  infusion 
would  improve  respiratory  muscle 
function  in  long-term  ventilated  pa- 
tients even  in  the  absence  of  hypo- 
magnesemia.  DESIGN:  Prospective 
study  of  mechanically  ventilated  pa- 
tients using  a  double-blind  crossover 
design.  SETTING:  A  combined  med- 
ical-surgical ICU  of  a  university 
teaching  hospital.  PATIENTS:  21 
separate  admissions  to  the  ICU  in  20 
patients  were  studied.  Patients  who 
were  selected  had  been  intubated  and 
mechanically  ventilated  for  at  least  6 
days  with  the  admitting  diagnosis  of 
respiratory  failure.  INTERVEN- 
TIONS: Twelve  patients  received  6g 
MgS04  intravenous  (I.V.)  infusion 
over  16  h  on  Day  1  followed  by  pla- 
cebo infusion  on  Day  2.  Nine  pa- 
tients received  placebo  on  Day  1  fol- 
lowed by  MgSOj  (6  g  I.V.)  on  Day 
2.  MEASUREMENTS  &  MAIN  RE- 
SULTS: We  measured  vital  capacity 
(VC),  maximal  inspiratory  pressure 
(Pimax),  and  maximal  expiratory  pres- 
sure (PEmax)  in  all  patients.  There 
were  no  significant  differences  in 


Pimax  (37  ±  14  vs  42  ±  20  cm  H:0), 
PEmax  (59  ±  32  vs  61  ±  38  cm  H.O), 
and  VC  (850  ±  460  vs  960  ±  490 
mL)  comparing  values  before  and  af- 
ter magnesium  infusion.  We  could 
not  find  a  subgroup  of  patients  with  a 
marked  improvement  in  Pimax  or 
PEmax.  CONCLUSIONS:  In  patients 
requiring  mechanical  ventilation  for 
respiratory  failure,  magnesium  in- 
fusion is  not  associated  with  in- 
creased respiratory  muscle  strength. 
Although  a  trial  of  MgS04  ad- 
ministration may  be  considered  for 
patients  with  difficulty  weaning  from 
mechanical  ventilation,  it  is  unlikely 
to  result  in  clinical  improvement. 

Contribution  of  Water  Condensa- 
tion in  Endotraciieal  Tubes  to 
Contamination    of   tiie    Lungs — P 

Cardinal,  P  Jessamine,  C  Carter- 
Snell,  S  Morrison,  G  Jones.  Chest 
1993:104:127. 

We  postulated  that  water  condensate 
in  endotracheal  tubes  (ETTs)  trans- 
ports bacteria  in  the  ETTs  into  the 
lungs  during  mechanical  ventilation. 
Thirty-two  ETTs  obtained  from 
freshly  extubated  patients  were  stud- 
ied under  wet  and  dry  conditions  us- 
ing a  physiologic  lung  model.  All 
bacteria  expelled  from  the  ETTs 
were  collected  on  culture  plates  posi- 
tioned beneath  the  ETT.  The  lung 
model  was  ventilated  with  saturated 
air  at  37°C  over  two  time  periods  (60 
min  each),  one  in  which  conden- 
sation formation  was  prevented  and 
the  second  in  which  condensation 
formed  within  the  ETT.  A  mean  of 
157.6  colony-forming  units  (CFU)/h 
were  expelled  with  condensation 
compared  to  a  mean  of  2.4  CFU/h 
without  condensation.  We  concluded 
that  bacteria  were  continuously  trans- 
ported from  the  ETT  into  the  lungs 
during  mechanical  ventilation  in 
water  droplets.  Prevention  of  water 
condensation  abolishes  this  constant 
bacterial  inoculation  in  a  lung  model. 


Preoperative  Prediction  of  Pul- 
monary Complications  following 
Thoracic  Surgery — RE  Dales,  G 
Dionne,  JA  Leech,  M  Lunau,  I 
Schweitzer.  Chest  1993:104:155. 

The  ability  of  preoperative  quality- 
of-life  and  physiologic  variables  to 
predict  postoperative  complications 
was  tested  in  117  consecutive  pa- 
tients undergoing  thoracotomy  for 
possible  or  definite  lung  cancer.  Pre- 
operatively,  quality  of  life  was  glo- 
bally assessed  by  the  QLI  and  Sick- 
ness Impact  Profile.  Dyspnea  was 
assessed  by  the  Clinical  Dyspnea  In- 
dex and  a  modified  Pneumoconiosis 
Research  Unit  question.  Spirometry 
and  maximal  exercise  testing  were 
earned  out  in  115  and  46  subjects, 
respectively.  Thirty-seven  percent 
experienced  at  least  one  respiratory 
complication  (eg,  pneumonia,  atelec- 
tasis prompting  bronchoscopy,  pul- 
monary embolism).  Twofold  or 
greater  increases  in  respiratory  com- 
plications were  associated  with  cur- 
rent smoking  (p  <  0.05),  cancer  as 
the  final  pathologic  condition  (p  < 
0.10),  at  least  moderate  dyspnea 
(p  <  0.10),  FEVi  <  60%  of  predicted 
(p  <  0.05),  ventilatory  reserve  <  25  L 
(p  <  0.05),  and  Vo:max  <  1.25  L  (p  < 
0.05).  Twofold  increases  in  the  in- 
cidence of  any  complication  (res- 
piratory, cardiac,  etc)  were  associat- 
ed with  age  >  75  years  (p  <  0.05) 
and  cancer  as  the  final  pathologic 
condition  (p  <  0.05).  We  conclude 
that  simple  historic  information  (age, 
smoking  status,  cancer  status,  dysp- 
nea) indicates  the  risk  of  post- 
operative morbidity.  General  quality- 
of-life  measures  were  not  good  pre- 
dictors of  morbidity.  Our  findings 
corroborate  the  few  studies  support- 
ing the  value  of  Vo^max  and  suggest 
that  the  usefulness  of  the  ventilatory 
reserve  deserves  further  attention. 
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Many  people  have  worked  diligently  to  advance  the  respiratory  care  profession,  but  even 
among  those  many  Philip  Kittredge's  vision,  constancy,  and  unwavering  commitment  are 
unparalleled.  Without  that  vision,  constancy,  and  commitment,  there  would  be  no  Journal 
and  there  might  be  little  scientific  foundation  for  respiratory  care.  Phil  retired  from  the 
JournaFs  editorial  staff  on  June  30,  1993.  For  31  years  of  service  to  the  profession — 25  of 
those  as  editor  of  RESPIRATORY  CARE — we  thank  you,  Phil! 


Editorials 


Walking  the  Walk — Not  Just  Talking  the  Talk: 
Cigarette  Smoking  and  Respiratory  Care  Practitioners 


Cigarette  smoking  is  recognized  as  the  single 
most  important  cause  of  preventable  morbidity  and 
mortality  in  our  country,  and  health  promotion  and 
disease  prevention  efforts  of  recent  years  have 
brought  pressure  to  bear  on  those  who  continue  to 
smoke. 

Like  it  or  not,  healthcare  professionals — particu- 
larly respiratory  care  practitioners  (RCPs) — are 
role  models  for  patients  and  families  seeking  to 
modify  or  defend  their  smoking  behaviors. 

We  have  observed  that  some  RCPs  continue  to 
smoke  despite  firsthand  knowledge  of  the  health 
hazards,  despite  their  conspicuous  position  in  car- 
ing for  patients  with  lung  disease,  and  despite  their 
professional  obligation  to  be  positive  role  models 
and  nonsmoking  advocates.  To  us,  smoking  among 
healthcare  professionals  and  in  particular  among 
RCPs — the  group  who  cares  each  day  for  patients 
suffering  from  the  complications  of  cigarette  smok- 
ing— is  the  antithesis  of  professional  behavior. 

RCPs  with  their  in-depth  knowledge  of  respira- 
tory physiology  and  pathology  and  firsthand  ex- 
perience with  the  devastating  effects  of  smoking 
have  a  responsibility  to  be  role  models — positive 
role  models — for  those  seeking  to  stop  smoking. 

We  reviewed  the  literature  of  the  last  5  years  to 
ascertain  the  prevalence  of  smoking  behavior  and 
attitudes  toward  this  behavior  among  health  pro- 
fessionals. We  found  6  studies  of  nurses,' **  1  of 
dental  hygienists,^  1  of  Ethiopian  healthcare  profes- 
sionals,^ and  1  of  Australian  physicians.''  We  found 
no  studies  quantifying  the  amount  and  nature  of 
smoking  or  attitudes  toward  smoking  among  RCPs. 

The  six  studies  of  the  smoking  habits  of  nurses 
conducted  since  1986  have  documented  smoking 
behavior  of  20-27.2%,  with  a  mean  of  23.3%.''' 
Earlier  researchers  (1973-1983)  reported  that  25- 
29%   of  nurses   smoked   cigarettes.'""'"^   Smoking 


prevalence  among  nurses  in  trending  downward, 
and  the  mean  is  now  lower  than  the  1992  Centers 
for  Disease  Control  and  Prevention  report  of  25.5% 
for  the  general  public  (1990  data)."'  Physician 
smoking  rates  have  decreased  in  a  similar  manner 
but  at  a  more  rapid  rate,  from  36%  in  1979.'^  10% 
in  1983,"  16.7%  in  1986,'''  and  8%  in  a  study  of 
oral  surgeons  in  1987.-" 

Because  no  studies  of  smoking  behavior  or  atti- 
tudes toward  smoking  among  respiratory  therapists 
were  found.  The  American  Lung  Association  of 
Delaware  and  Chester  Counties  in  Pennsylvania 
(ALA)  undertook  a  survey,  limited  to  one  district 
of  the  Pennsylvania  Society  for  Respiratory  Care. 
Of  1,582  surveys  sent  to  directors  of  hospital  res- 
piratory care  departments  to  be  distributed  to 
RCPs,  51 1  were  returned  (32.4%).  The  geographic 
limitation,  nonrandom  sampling  technique,  and  the 
low  response  rate  allow  no  generalization  to  other 
groups  or  to  the  population  of  U.S.  respiratory  ther- 
apists; however,  the  results  (as  yet  unpublished)  are 
the  only  data  available  at  the  present  time  on  smok- 
ing prevalence  among  RCPs. 

Of  the  51 1  ALA  respondents,  25%  are  currendy 
smoking,  29%  are  former  smokers,  and  46%  have 
never  smoked.  The  smoking  rate  of  25%  among 
this  group  falls  within  the  range  of  the  smoking 
nurses,  is  higher  than  the  mean,  and  is  only  0.5% 
lower  than  that  of  the  general  public.  This  finding 
is  contrary  to  the  supposition  advanced  by  Hau- 
ghey  et  al  (1989)"  that  a  low  smoking  rate  in 
oncology  nurses  might  be  related  to  their  exposure 
to  the  health  consequences  of  smoking.  If  this 
explanation  is  correct,  RCPs  would  have  a  lower 
rate  of  smoking  compared  to  groups  with  less 
awareness  of  the  consequences.  In  our  sample,  this 
is  not  the  case.  Further,  RCPs  and  nurses  have  not 
given  up  smoking  in  numbers  as  great  as  have  phy- 
sicians. 
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The  differences  in  smoking  prevalence  between 
nurses,  therapists,  and  physicians  may  be  related,  at 
least  in  part,  to  education  level.  The  ALA  survey 
found  significant  differences  among  smokers,  non- 
smokers,  and  former  smokers  based  on  the  cre- 
dential they  had  earned  (p  <  0.001)  and  the  degree 
they  had  attained  (p  <  0.003).  This  finding  is  similar 
to  the  common  finding  of  Becker  et  a!  (1986),'  Hau- 
ghey  et  al  (1989),^  and  Faehnrich  &  Gerlach  ( 1989)' 
that  nurses  with  less  education  had  a  higher  rate  of 
smoking.  The  1988  Centers  for  Disease  Control  and 
Prevention  report  found  that  smoking  in  the  general 
population  was  greatest  in  the  least-educated  Amer- 
icans.'^' 

Of  the  smokers  in  the  ALA  survey,  76.8%  have 
tried  to  quit  and  57.5%  are  interested  in  quitting. 
Although  it  is  encouraging  that  approximately  one 
half  of  the  RCP  smokers  want  to  quit,  it  is  dis- 
maying to  learn  that  so  many  have  tried  and  failed. 
Of  the  former  smokers  who  successfully  quit,  63% 
used  the  'cold  turkey'  method.  Therefore,  the  de- 
sire to  quit  must  be  a  key  factor  in  successful  quit- 
ting. Once  a  smoker  has  the  desire,  the  question  be- 
comes. What  are  the  variables  that  make  some 
successful  while  others  continue  to  smoke?  Re- 
searchers have  found  differences  in  smoking  be- 
havior among  nurses,  based  on  workplace,"'*  age, 
sex,'  and  rotating  shifts,"*  but  the  ALA  survey  did 
not  find  significant  differences  among  the  RCP 
groups  based  on  any  of  these  factors. 

Other  cited  reasons  for  continuing  to  smoke  in- 
clude social  and  psychological  pressures  and  nic- 
otine dependence.  In  the  ALA  survey,  a  discrimi- 
nant analysis  using  nicotine  dependence,  psycho- 
logical and  social  factors,  and  credential  and  degree 
to  predict  membership  in  the  smoker  or  former 
smoker  categories  found  that  only  nicotine  de- 
pendence, credential,  and  degree  were  significant 
(p  <  0.002).  A  regression  analysis  using  the  same 
factors  as  the  discriminant  analysis  to  predict 
smoking  behavior  (ie,  number  of  cigarettes 
smoked)  was  significant  for  nicotine  dependence 
(p  <  0.001 ).  These  findings  agree  with  those  of  De- 
Mello  et  al  (1989)^  in  which  the  only  significant 
differences  between  smokers  and  former  smokers 
were  in  the  responses  to  statements  concerning  nic- 
otine dependence.  No  conclusions  can  be  drawn  as 
to  whether  the  instrument  used  measured  an  actual 
physical  dependence  or  a  perceived  physical  de- 
pendence. However,  dependence  on  nicotine  (per- 


ceived or  physiologic)  plays  an  important  role  in 
the  continued  smoking  behavior  of  the  RCPs  sur- 
veyed. 

Several  researchers  have  explored  the  attitudes 
of  nurses'*'*'''  and  dental  hygienists'  toward  their  po- 
sition as  role  model  for  nonsmoking  behavior.  The 
majority  of  respondents  in  each  study  agreed  that 
they  should  set  a  good  example  by  not  smoking. 
However,  Fried  &  Rubinstein  (1990)^  and  Dore  & 
Hoey  (1988)"*  found  that  nonsmokers  were  more 
likely  to  agree  with  the  role-modeling  statement 
than  were  smokers.  The  ALA  findings  were  con- 
sistent with  this,  showing  74.8%  of  the  smokers 
and  85.7%  of  the  former  smokers  agreeing  with  the 
statement.  A  statistically  significant  difference  ex- 
isted between  smokers  and  former  smokers  in  re- 
sponse to  the  statement,  "Respiratory  therapists 
should  set  a  good  example  by  not  smoking  cigar- 
ettes" (p  <  0.001).  RCPs  who  smoke  may  not  be- 
lieve that  positive  role  modeling  of  nonsmoking  be- 
havior is  an  important  component  of  their  profes- 
sional responsibility.  This  is  analogous  to  a  nutri- 
tionist who  believes  that  overeating  and  unhealthy 
eating  are  acceptable  habits.  It  is  difficult  to  believe 
that  an  overweight  dietitian  has  professional  credi- 
bility. In  a  similar  manner,  it  is  difficult  to  believe 
that  an  RCP  who  smokes  can  maintain  professional 
credibility. 

Previous  studies'-"*'^  have  also  explored  attitudes 
toward  the  role  of  encouraging  patients  to  stop 
smoking.  The  majority  of  respondents  agreed  that 
nonsmoking  advocacy  should  be  a  part  of  their  job 
responsibilities.  A  comparison  of  smokers  and  non- 
smokers  showed  that  more  nonsmokers  or  former 
smokers  agreed  than  smokers.'"*  This  is  consistent 
with  the  ALA  survey  findings;  more  former  smok- 
ers (88.4%)  agreed  with  nonsmoking  advocacy 
than  smokers  (81%).  A  statistically  significant  dif- 
ference existed  between  former  smokers  and  non- 
smokers  in  response  to  the  statement,  "Respiratory 
therapists  should  actively  encourage  patients  to 
stop  smoking"  (p  <  0.001).  Smoking  behavior  may 
interfere  with  a  therapist's  ability  to  effectively  per- 
form in  health-promotion  activities.  How  credible 
is  a  professional  who  continues  to  smoke  while  at- 
tempting to  help  a  patient  to  quit  smoking'.' 

Although  the  ALA  .study  has  limitations,  it  rais- 
es interesting  questions  and  concerns  regarding  the 
role-modeling  behavior  of  RCPs  who  smoke.  If 
smoking  prevalence  actually  approaches  that  of  the 
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general  public,  as  has  been  suggested  by  the  ALA 
study,  the  image  of  our  profession  as  a  whole  is  at 
risk.  RCPs  should  be  at  the  forefront  in  smoking 
cessation — their  own!  We  believe  that  the  time  has 
come  for  the  profession  to  take  a  stand  and  direct 
attention  toward  eliminating  smoking  within  its 
own  ranks! 

Yvonne  Jo  Robbins  MEd  RRT 

Program  Director 

Douglas  C  Albright  BS  RRT 

Director  of  Clinical  Education 

West  Chester  University  and 

The  Bryn  Mawr  Hospital 

Respiratory  Care  Program 

Bryn  Mawr,  Pennsylvania 

E  Thomas  Deutsch  Jr  MD 

Family  Practice  Physician 
Malvern,  Pennsylvania 
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American  Lung  Association  of  Delaware  and  Chester 
Counties,  Pennsylvania. 
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Adventures  in  Recycling:  The  Reuse  of 
"Disposable"  Pulse  Oximeter  Probes 


A  billion  seconds  ago.  Don  Ltirsen  was  pitching  a 
perfect  game  in  the  World  Series.  A  billion  minutes 
ago,  Hannibal  was  crossing  the  Alps  with  his  troops. 
A  billion  hours  ago,  the  Earth  was  a  cold,  solid  piece 
of  rock.  And  a  billion  dollars  is  what  the  United 
States  spent  on  health  care  since  9  am  yesterday. 

Senator  Alan  K  Simpson,  R-Wyoming  ' 

Much  has  been  said  and  written  about  the  need 
for  measures  to  control  costs  in  the  American 
healthcare  system.  Unfortunately,  the  only  thing 
that  is  cheap  any  more  in  healthcare  is  talk.  But,  the 
time  has  come  for  doing  much  more  than  talking. 
Assumptions  must  be  challenged,  and  creative 
ways  of  managing  resources  must  be  developed. 

On  numerous  occasions,  we  have  spoken  with 
physicians  from  other  countries  who  often  com- 
ment on  the  vast  amount  of  waste  in  the  U.S. 
healthcare  system.  With  this  in  mind,  it  is  time  for 
us  in  the  respiratory  care  community  to  critically 
review  all  of  our  patterns  of  resource  consumption. 

One  of  the  most  conspicuous  (and,  in  our  opin- 
ion, indefensible)  of  these  patterns  is  the  routine 
use  of  disposable  pulse  oximeter  probes.  In  our  fa- 
cility, we  consume  about  12,500  disposable  pulse 
oximeter  probes  per  year  for  a  total  cost  to  the  hos- 
pital of  approximately  $168,000.00.  Charges  to  pa- 
tients for  these  supplies  are  approximately 
$237,500.00  yearly.  When  we  began  to  look  for 
ways  to  effect  some  serious  savings,  we  considered 
how  to  reduce  probe  costs.  Of  course,  one  way 
would  be  to  reduce  the  overall  use  of  pulse  oxim- 
etry— something  that  we  have  done  with  some  suc- 
cess. 

We  then  asked  ( 1 )  Could  we  use  a  non- 
disposable  probe  or  (2)  could  "disposable"  probes 
be  reused? 


The  use  of  nondisposable  probes  is  not  a  suitable 
alternative  in  our  facility  because  the  design  of  the 
brand  of  permanent  probe  that  we  would  use  is  not 
optimal  for  or  adaptable  to  broad  neonatal  and  pe- 
diatric applications. 

When  we  began  to  consider  reusing  disposable 
probes,  we  were,  at  first,  not  very  optimistic  be- 
cause we  had  heard  from  a  number  of  people  (who 
ought  to  be  well  informed  about  such  things)  that 
the  reuse  of  items  marked  "single-patient  use"  was 
not  possible.  We  were  told  that  reuse  would  be  il- 
legal (ie,  against  government  rules  or  regulations) 
and  dangerous  (ie,  contribute  to  the  incidence  of 
nosocomial  infections)  and  that — in  the  case  of 
pulse  oximeter  probes — they  probably  wouldn't 
work  if  reused,  and  besides  the  hospital  wouldn't 
allow  reuse  anyway  because  it  was  against  hospital 
policy. 

However,  one  of  our  principal  operating  phi- 
losophies is  to  challenge  assumptions,  and  thus  we 
set  out  to  discover  if  the  impediments  to  reusing 
"single-patient  use"  items  could  be  removed — if  in 
fact  those  impediments  existed  at  all. 

A  review  of  the  current  government  regulations 
and  recommendations  regarding  reuse  revealed  the 
following  statement  from  the  Centers  for  Disease 
Control  and  Prevention,  "the  recommendation 
against  reprocessing  and  reusing  single-use  items 
has  been  removed.""  In  fact,  a  review  of  the  lit- 
erature revealed  a  number  of  descriptions  of  the 
safe  reuse  of  disposable  items.  '  The  interested 
reader  is  directed  to  the  excellent  reviews  of  these 
issues  by  Chatburn'^  and  Greene.'"*  In  short,  there 
appear  to  be  no  regulatory  impediments  to  reuse  of 
supplies  labeled  'single  patient  use.' 
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Indeed,  a  prominent  pulse  oximeter  probe  man- 
ufacturer now  offers  a  disposable  pulse  oximeter 
recycling  program  that  is  designed  to  allow  users  to 
return  used  disposable  oximeter  sensors  to  the  man- 
ufacturer and  then  to  buy  back  the  same  probes  af- 
ter reprocessing — at  a  slightly  reduced  price. 

Reuse  of  items  marked  "single  patient  use"  has 
been  occurring  in  many  hospitals  for  many  years. 
Some  of  the  items  reused  include  disposable  sy- 
ringes, cardiac  catheters,  hemodialyzers,  ventilator 
circuits,  endotracheal  tubes,  tracheal  tubes,  ortho- 
pedic appliances,  suture-staple  removers,  cautery 
devices,  esophageal  thermometers,  ear  syringes, 
face  tents,  gastric  pH  monitors,  hypodermic  nee- 
dles, Javid  tubes,  oxygen  masks,  microscalpels, 
stone  baskets,  surgical  gloves,  surgical  packs,  tri- 
adaptors,  urethral  stints,  and  urinary  bags.  Re- 
ports indicate  that  from  41  to  58%  of  hospitals  in 
North  America  are  reusing  disposable  de- 
vices'"*'"— and  those  reused  devices  include  dis- 
posable pulse  oximeter  probes. 

What  about  the  second  caveat — that  reuse  of  dis- 
posable pulse  oximeter  probes  might  be  dangerous 
inasmuch  as  it  could  contribute  to  infection  trans- 
mission between  patients?  According  to  the  Cen- 
ters for  Disease  Control  and  Prevention  "There  is  a 
lack  of  evidence  indicating  increased  risk  of  nos- 
ocomial infections  associated  with  the  reuse  of  all 
single-use  items.""  Certainly,  this  would  .seem  to  be 
true  of  items  that  are  noninvasive  and  touch  only 
intact  skin  (such  as  pulse  oximeter  probes).  These 
rarely  if  ever  cause  disease."  With  these  facts  in 
mind,  we  felt  the  reuse  of  disposable  pulse  ox- 
imeter probes  was  probably  safe  from  an  infection- 
control  point-of-view;  however,  as  an  added  pre- 
caution, we  decided  that  a  recycling  program 
would  include  gas  sterilization  of  all  probes  to  be 
reused. 

The  third  caveat  against  the  reuse  of  these 
probes  was  the  concern  about  the  saturation  data 
they  would  produce.  In  order  to  peform  a  pre- 
liminary test  of  the  effects  of  reprocessing,  we 
gathered  50  discarded  disposable  pulse  oximeter 
probes  that  had  been  used  on  patients.  Figure  1  il- 
lustrates how  the  adhesive  material  affixed  to  the 
probe  by  the  manufacturer  was  cut  off.  Following 
this,  the  probes  were  gas  autoclaved  and  new  tape 
was  applied. 


Fig.  1.  Preparation  of  a  disposable  pulse  oximeter  probe 
for  reprocessing.  Striped  area  is  cut  off  after  each  patient 
use. 

To  test  these  probes,  we  compared  their  per- 
formance against  that  of  a  new  probe.  A  new  pulse 
oximeter  probe  was  applied  to  the  small  finger  of 
one  hand  and  then  attached  to  a  widely  used  pulse 
oximeter.  Data  for  heart  rate  and  saturation  were 
recorded  and  good  signal  quality  ascertained  by 
viewing  the  plethysmographic  display  in  the  typical 
clinical  fashion.  Then,  a  reprocessed  probe  was  im- 
mediately applied  to  the  small  finger  of  the  other 
hand.  Using  the  same  oximeter,  the  new  probe  was 
disconnected,  the  reused  probe  connected,  and  the 
data  acquired  in  the  same  fashion.  A  sample  of  50 
reprocessed  probes  was  tested.  Mean  heart  rate  was 
found  to  be  78  ±  1.2  beats  per  minute  when  using  a 
new  probe  and  79  ±  1.6  beats  per  minute  when  us- 
ing reprocessed  probes  (p  =  0.83,  Student's  /  test). 
Mean  oxyhemoglobin  saturation  by  pulse  oximeter 
(SpO:)  was  found  to  be  95  ±  1.2  %  when  using  a 
new  probe  and  94.7  ±  1.6  %  when  using  re- 
processed probes  (p  =  0.83).  Thus,  we  were  con- 
vinced that — at  least  after  a  single  episode  of  re- 
processing and  with  a  normal  subject — reused 
disposable  pulse  oximeter  probes  produced  data  not 
significantly  different  from  a  new  probe. 

Finally,  a  review  of  our  hospital's  internal  regu- 
latory literature  contained  a  provision  for  the  reuse 
of  single-patient-use  items  so  long  as  the  program 
had  the  approval  of  the  infection  control  com- 
mittee. So  we  set  out  to  implement  a  program  to 
reuse  disposable  pulse  oximeter  probes. 

Some  keys  to  a  safe  and  effective  reuse  program 
are  that  it  (1)  be  defined  in  a  written  policy.  (2) 
contain  specific  methodology  for  testing  the  func- 
tion of  devices  after  reprocessing,  and  (3)  contain 
specific  methods  for  obviating  the  risk  of  cross- 
infection  of  patients. 
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We  are  satisfied  (at  this  point)  that  our  program 
meets  these  requirements.  We  have  written  a  posi- 
tion paper  describing  our  rationale  for  reuse  and  a 
departmental  policy  and  procedure  detailing  how 
probes  would  be  gathered,  inspected,  sterilized, 
tested,  and  packaged.  These  details  were  submitted 
to  the  hospital  risk  manager,  patient  care  services 
administrator,  chief  of  the  medical  staff,  infection 
control  committee,  and  department  medical  di- 
rector, all  of  whom  approved  the  program.  We  then 
developed  a  hospital-wide  education  program  for 
nursing  and  medical  staff  that  included  a  poster 
(Fig.  2)  describing  the  recycling  program.  This 
poster  was  duplicated  and  displayed  at  every  nurs- 
ing station.  Additionally,  we  attached  memoranda 
describing  the  program  to  each  nursing  service  pay- 
check. The  importance  of  a  broadly  administered, 
ongoing  education  program  for  nurses  and  phy- 
sicians cannot  be  overemphasized. 

Has  'show  recyc/ing pr(^>es  w/H  work 

PROBES 
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Fig  2.  Poster  used  to  inform  tine  nursing  staff  about  tfie 
pulse-oximeter  probe-recycling  program. 

Because  many  clinicians  habitually  throw  ma- 
terials away,  we  were  concerned  that  probes  would 
not  be  returned  for  reprocessing.  We  expained  to 
our  respiratory  care  practitioners  (RCPs)  that  the  fi- 
nancial performance  of  the  department  (and  hence 
long-term  job  security  of  all)  was  influenced  by 
this  program.  Respiratory  care  practitioners  have 


done  an  excellent  job  of  capturing  and  returning 
used  probes;  nurses  tend  to  leave  the  probe  at- 
tached to  the  monitor  when  it  is  discontinued,  re- 
turning the  probe  and  the  monitor  to  the  dirty 
equipment  room.  We  have  encouraged  this  practice 
because  it  improves  probe  capture — and  because  it 
is  convenient,  they  tend  to  do  it  most  of  the  time. 

All  probes  are  visually  inspected  after  use,  either 
by  a  nurse,  an  RCP,  or  an  equipment  technician. 
Visibly  soiled  probes  and  obviously  damaged 
probes  are  discarded.  The  probe  manufacturer  has 
expressed  concerns  about  the  quality  of  the  data 
produced  by  recycled  probes.  To  this  we  respond: 
( 1 )  we  continuously  test  and  record  the  quality  of 
the  data  obtained  from  recycled  probes,  and  to  date 
have  noted  no  clinically  or  statistically  important 
differences,  (2)  some  number  of  brand  new  probes 
don't  work  when  taken  'out  of  the  box.'  Our  im- 
pression is  that  the  bad-probe  rate  is  similar  be- 
tween new  and  recycled  probes.  We  have,  to  date, 
processed  and  reused  over  1,400  probes,  many  of 
them  more  than  once,  and  have  yet  to  encounter  a 
serious  clinical  problem.  Probes  are  reprocessed  re- 
peatedly until  they  (1)  are  visibly  soiled,  (2)  are 
visibly  damaged,  (3)  or  cease  to  function. 

Further,  we  believe  that  any  clinician  who  is  un- 
able to  determine  whether  data  from  a  pulse  ox- 
imeter are  of  acceptable  quality  probably  shouldn't 
be  using  oximetry  in  the  first  place. 

Because  our  test  of  reprocessed  probes  only  in- 
cludes saturations  in  a  normoxic  range,  it  might  be 
argued  that  we  are  unable  to  assure  the  accuracy  of 
reprocessed  probes  in  profoundly  desaturated  pa- 
tients. Although  we  did  not  test  this  question,  it  has 
been  our  clinical  experience  that  brand  new  probes 
do  not  confer  on  the  user  any  additional  sense  of 
certainty  that  low  readings  are  accurate.  A  paucity 
of  scientific  evidence  exists  regarding  the  per- 
formance of  various  types  of  new  disposable 
probes  on  hypoxic  patients.  Finally,  we  continue  to 
be  confused  about  the  clinical  importance  of 
whether  an  oximeter  reading  is  "really"  65'7r  or 
75%  because  in  either  case  the  patient  will  be  treat- 
ed aggressively  for  hypoxia. 

It  is  an  interesting  dichotomy  that  many  pulse 
oximeter  manufacturers  have  long  warned  us  not  to 
rely  entirely  on  the  readings  of  their  instruments  to 
manage   patient's  oxygenation,   and  yet   have  si- 
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multaneously  saturated  (no  pun  intended)  the  in- 
tensive-care market  to  tiie  point  where  a  pulse  ox- 
imeter is  found  on  almost  every  mechanically  ven- 
tilated intensive-care  patient. 

Of  our  stock  available  for  use  at  any  given  mo- 
ment, approximately  one  third  have  been  processed 
more  than  once,  and  one  fourth  more  than  twice. 
To  date,  we  have  discovered  12  reprocessed  probes 
that  failed  to  work  when  attached  to  the  oximeter 
(the  monitor  indicated  a  probe  malfunction),  yield- 
ing a  failure-rate  of  0.86%-.  While  we  have  never 
systematically  collected  data  on  the  failure-rate  of 
new  probes,  it  is  the  consensus  of  our  staff  that  the 
failure  rate  of  recycled  probes  is  equal  to  or  less 
than  that  of  new  probes. 

Questions  that  remain  to  be  answered  include 
How  many  times  can  a  disposable  pulse  oximeter 
probe  be  reused  safely?  At  this  time  we  do  not  in- 
tend to  arbitrarily  limit  the  number  of  times  a  probe 
can  be  reused,  but  instead  to  follow  our  previously 
described  guidelines. 

One  frequent  criticism  of  recycling  programs  is 
that  they  are  labor-intensive  and  thus  not  nec- 
essarily cost-effective.  Because  we  spend  more 
than  $160,000  each  year  on  pulse  oximeter  probes, 
it  is  hard  to  imagine  how  we  could  not  save  money 
on  a  recycling  program.  During  the  initial  phase  of 
this  program,  we  incurred  no  labor  costs  due  to  re- 
cycling because  clinical  managers,  hospital  vol- 
unteer staff,  and  office  staff  all  pitched  in  to  see 
how  well  such  a  program  would  work.  From  ex- 
perience, we  estimate  that  8-12  hours/week  are  re- 
quired to  recycle  pulse  oximeter  probes.  We  have 
created  such  a  position.  At  $7.00/hour,  this  equates 
to  $84/week  or  $4,368/year — the  cost  of  312  pulse 
oximeter  probes.  We  estimate  that  in  the  first  12 
months  of  this  program,  we  will  spend  $50,000  for 
pulse  oximeter  probes,  approximately  $117,000 
less  than  we  would  spend  without  recycling  (as- 
suming no  price  increase  in  probes).  The  cost  of 
gas  autoclaving  is  minimal  because  we  typically 
gas  a  batch  of  several  hundred  probes  at  a  time  at  a 
cost  of  about  $70/batch. 

We  estimate  the  cost  of  recycling  a  single  probe 
to  be  $0.23  for  labor,  and  $0.40  for  materials  and 
autoclaving.  Compare  this  $0.63/probe  to  the  man- 
ufacturer's charge  of  $14.00  for  a  new  probe. 

We  have  now  been  running  our  recycling  pro- 
gram for  about  3  months  and  have  not  yet  received 


a  serious  complaint.  Interviews  with  staff  members 
yield  consistently  positive  responses  to  the  pro- 
gram. 

We  encourage  all  respiratory  care  services  to 
critically  evaluate  their  resource  consumption  pat- 
terns and  consider  recycling  as  a  less  costly  al- 
ternative. 

John  W  Salyer  BS  RRT 

Director  of  Respiratory  Care 

Karen  Burton  RN  RRT 

Quality  Assurance  Manager 

Joanna  Lynch  RRT 

Pediatric  Services  Manager 

JuHe  Ballard  RRT 

Newborn  Services  Manager 

Jim  Keenan  RRT 

Clinical  Educator 

Respiratory  Care  Service 

Primary  Children's  Medical  Center 

Salt  Lake  City,  Utah 


Reprints:  John  W  Salyer  RRT,  Respiratory  Care  Service.  Pri- 
mary Children's  Medical  Center,  100  North  Medical  Dr,  Salt 
Lake  City  UT  841 13. 
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medWatcH:  The  New  FDA  Medical 
Products  Reporting  Program 


The  Food  and  Drug  Administration  (FDA)  with 
the  support  of  over  70  health  professional  and  in- 
dustry organizations  recently  launched  a  new  medi- 
cal products  reporting  program  called  MED- 
WATCH.' medWatch  is  designed  for  use  by  health 
professionals  to  let  the  FDA  quickly  know  about 
serious  adverse  events  and  product  problems  that 
occur  with  drugs,  biologies,  medical  devices,  and 
special  nutritional  products. 

Reports  from  individual  physicians  and  other 
health  professionals  are  crucial  to  a  successful  na- 
tional postmarketing  surveillance  program.  For  ex- 
ample, reports  submitted  to  the  Agency,  either  di- 
rectly or  via  the  manufacturer,  played  a  critical  role 
in  the  identification  of  a  serious  cardiac  arrhythmia 
(torsade  de  pointes)  associated  with  overdose  of  ter- 
fenadine  and  astemizole  and  their  interactions  with 
ketoconazole  and  the  macrolide  antibiotics.-  Other 
reports  led  to  the  discovery  of  paradoxic  broncho- 
spasm''  associated  with  the  use  of  inhaled  beta- 
agonist  agents  and  the  occurrence  of  gas  gangrene 
with  the  use  of  Susphrine  injection  (unpublished 
data,  Div  of  Oncology  and  Pulmonary  Drug  Prod- 
ucts, Center  for  Drug  Evaluation  and  Research, 
FDA,  Rockville  MD). 

An  important  product  problem  was  uncovered 
through  reporting  when  a  manufacturing  change  in 
which  soya  was  added  to  the  formulation  of  meta- 
proterenol  caused  choking  in  patients.  Subsequent 
reformulation  by  the  manufacturer  removed  the 
soya  preservative  (unpublished  data,  ibid). 

Reports  from  health  professionals  also  prompted 
the  FDA  to  recently  issue  a  Safety  Alert  warning  of 
instances  in  which  improperly  used  heated-wire 
breathing  circuits  overheated,  softened,  or  melted, 
causing  diminished  gas  delivery,  fires,  and  burns  to 
patients  and  caregivers.'* 

Reporting  does  make  a  difference.  Unfortunately, 
most  practitioners  do  not  realize  this  and  fail  to  no- 


tify the  FDA  of  medical-product-associated  prob- 
lems that  they  encounter.  Through  MEDWatch  the 
FDA  hopes  to  change  this  behavior  and  to  make  re- 
porting on  adverse  events  and  product  problems  a 
fundamental  part  of  the  medical  culture. 

What  To  Report 

The  Agency  does  not  want  and  cannot  handle  re- 
ports on  every  adverse  event  observed.  The  FDA 
would  like  to  know  about  those  serious  events  in 
which  a  device  or  medication  (either  prescription  or 
over-the-counter)  was  associated  with  death,  a  life- 
threatening  condition,  initial  or  prolonged  hospital- 
ization, disability,  congenital  anomaly,  or  when 
medical  or  surgical  intervention  was  required  to 
prevent  permanent  disability  or  damage. 

It  is  not  necessary  to  prove  causality.  Simple 
suspicion  of  a  possible  association  is  sufficient  rea- 
son to  notify  the  FDA. 

The  FDA  also  is  interested  in  learning  about  pro- 
duct quality  problems  such  as  inaccurate  or  unread- 
able product  labeling,  packaging  or  product  mix-up, 
contamination  or  stability  problems,  and  particulate 
matter  in  injectable  products.  Malfunctioning  de- 
vices that,  if  used,  are  likely  to  result  in  death  or  se- 
rious injury  to  patients  should  be  reported  as  well. 

How  To  Report 

MEDWatch  has  made  reporting  easier.  Any  ad- 
verse event  or  product  problem  with  any  FDA- 
regulated  medical  product  can  be  reported  on  the 
new  postage-paid  MEDWATCH  form.  The  only  ex- 
ceptions are  vaccines,  which,  because  of  different 
reporting  requirements,  will  continue  to  be  reported 
to  the  Vaccine  Adverse  Events  Reporting  System 
(VAERS),  a  joint  FDA/CDC  project,  at  1-800-822- 
7967. 
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The  MEDWatch  form  can  be  found  on  Pages 
1079-1080  of  this  issue  of  RESPIRATORY  CARE  and 
also  in  numerous  other  publications,  including  the 
FDA  Medical  Bulletin  and  the  1994  Physicians' 
Desk  Reference.  In  addition,  a  form  can  be  ob- 
tained from  the  FDA  via  fax  or  mail  by  calling  the 
24  hour,  7-day-a-week,  toll-free  number  1-800- 
FDA-1088.  This  number  can  also  be  used  to  re- 
quest a  copy  of  the  FDA  Desk  Guide  for  Adverse 
Event  Product  Problem  Reporting,  which  includes 
instructions  for  completing  the  form. 

Completed  reports  may  be  mailed  to  the  FDA 
using  the  postage-paid  form  or  faxed  using  1-800- 
FDA-0178.  Reports  may  also  be  submitted  via 
computer  modem  by  dialing  1-800-FDA-7737  and 
responding  to  a  series  of  prompted  questions. 

Reports  from  health  professionals  are  often  the 
first  signal  the  FDA  has  that  a  problem  exists.  Input 
from  physicians  and  other  practitioners  can  and 
does  directly  affect  patient  care  in  this  country. 
Working  in  partnership  through  the  MEDWatch 
program,  the  FDA  and  the  medical  community 


along  with  industry  can  help  ensure  an  active  ef- 
fective national  postmarketing  surveillance  system. 

Dianne  L  Kennedy  MPH  RPh 

Director.  MEDWatCH 

Food  and  Drug  Administration 

Rockville,  Maryland 


Editor's  Note:  This  material  is  not  subject  to  copyright  law. 
Permission  to  photocopy  is  not  required. 
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For  VOLUNTARY  reporting 

hy  health  professionals  of  adverse 

events  and  product  problems 


FDA  Use  Only  (RESP  CARE) 


A.  Patient  information 


1    Patient  identifier 


2    Age  at  time 
of  event: 


Date 
of  birtfi: 


3  Sex 
I    I  female 
I     I  male 


Page 


4   Weight 


B.  Adverse  event  or  product  problem 


1    Q  Adverse  event      and/or  |     |  Product  problem  (eg.,  defects/malfunctions) 


2    Outcomes  attributed  to  adverse  event      | — , 

(check  all  that  apply)  I I  disability 

I     I  congenital  anomaly 

I     I  required  intervention  to  prevent 


I     I  death 


I I  life-threatening  permanent  impairmenfdamage 

I     I  hospitalization  -  initial  or  prolonged       LJ  o'her: 


3  Date  of 
event 


4  Dale  of 
this  report 


5    Describe  event  or  problem 


6    Relevant  tests/laboratory  data,  including  dates 


7    Other  relevant  history,  including  preexisting  medical  conditions  (eg,  allergies, 
race,  pregnancy,  smoking  and  alcohol  use.  hepatic/renal  dysfunction,  etc.) 


Mail  to:     MmWAIx:H  or  FAX  to: 

5600  Fishers  Lane  1-800-FDA-0178 

Rockvllle,  MD  20852-9787 


C.  Suspect  medication(s) 


Name  (give  labeled  strength  &  mfr/labeler.  it  known) 


2    Dose,  frequency  &  route  used 


3    Therapy  dates  (if  unknown,  give  duration) 


4    Diagnosis  for  use  (indication) 


6.   Lot  #  (if  known) 


7.  Exp.  date  (if  known) 


9    NDC  #  (for  product  problems  only) 


5    Event  abated  after  use 
stopped  or  dose  reduced 

#1  Dyes  n™  ngggpy"' 


#2  Dyes  n no    D^ggpy"' 


8    Event  reappeared  after 
reintroduction 

#1  Dyes  n  no   U%W'' 


#2  Dyes  n no    Ut& 


10    Concomitant  medical  products  and  therapy  dates  (exclude  treatment  of  event) 


D.  Suspect  medical  device 


1    Brand  name 


2    Type  of  device 


3    fi/lanufacturer  name  &  address 


model  #  _ 
catalog  # 

serial  # 

lot#  


other  # 


Operator  of  device 

I     I  health  professional 
I     I  lay  user/patient 
Q  other: 


9    Device  available  for  evaluation?                (Do  not  send  to  FDA) 
I     I    yes  n  no  Q  returned  to  manufacturer  on 


10.  Concomitant  medical  products  and  therapy  dates  (exclude  treatment  of  event) 


E.   Reporter  (see  confidentiality  section  on  bacic) 


1      Name,  address  &  phone  # 


2    Health  professional? 

n  yes       □    no 


3      Occupation 


If  you  do  NOT  want  your  identity  disclosed  to 
the  manufacturer,  place  an  "  X  "  in  this  box.      LH 


4    Also  reported  to 

I     I      manufacturer 
I     I      user  facility 
I     I      distributor 


FDA  Form  3500  (6/93) 


Submission  of  a  report  does  not  constitute  an  admission  that  medical  personnel  or  the  product  caused  or  contributed  to  the  event. 


ADVICE  ABOUT  VOLUNTARY  REPORTING 


Report  experiences  with: 

•  medications  (drugs  or  biologies) 

•  medical  devices  (including  in-vitro  diagnostics) 

•  special  nutritional  products  (dietary 
supplements,  medical  foods,  infant  formulas) 

•  other  products  regulated  by  FDA 

Report  SERIOUS  adverse  events.  An  event 
is  serious  when  the  patient  outcome  is: 

•  death 

•  life-threatening  (real  risk  of  dying) 

•  hospitalization  (initial  or  prolonged) 

•  disability  (significant,  persistent  or  permanent) 

•  congenital  anomaly 

•  required  intervention  to  prevent  permanent 
impairment  or  damage 

Report  even  if: 

•  you're  not  certain  the  product  caused  the 
event 

•  you  don't  have  all  the  details 

Report  product  problems  -  quality,  performance 
or  safety  concerns  such  as: 

•  suspected  contamination 

•  questionable  stability 

•  defective  components 

•  poor  packaging  or  labeling 


How  to  report: 

•  just  fill  in  the  sections  that  apply  to  your  report 

•  use  section  C  for  all  products  except 
medical  devices 

•  attach  additional  blank  pages  if  needed 

•  use  a  separate  form  for  each  patient 

•  report  either  to  FDA  or  the  manufacturer 
(or  both) 

Important  numbers: 

•  1-800-FDA-0178    to  FAX  report 

•  1-800-FDA-7737    to  report  by  modem 

•  1-800-FDA-1088    for  more  information  or  to 

report  quality  problems 

•  1  -800-822-7967     for  a  VAERS  form 

for  vaccines 

If  your  report  involves  a  serious  adverse 
event  with  a  device  and  it  occurred  in  a  facility  out- 
side a  doctor's  office,  ttiat  facility  may  be  legally  required 
to  report  to  FDA  and/or  ttie  manufacturer.   Please  notify 
ttie  person  in  ttiat  facility  who  would  handle  such  reporting. 

Confidentiality:   The  patients  identity  is  held  in  stnct 
confidence  by  FDA  and  protected  to  the  fullest  extent  of 
the  law.  The  reporter's  identity  may  be  shared  with  the 
manufacturer  unless  requested  otherwise.   However, 
FDA  will  not  disclose  the  reporter's  identity  in  response  to 
a  request  from  the  public,  pursuant  to  the  Freedom  of 
Information  Act. 


The  public  reporting  burden  for  this  collection  of  information 
has  been  estimated  to  average  30  minutes  per  response, 
including  the  time  for  reviewing  instructions,  searching  exist- 
ing data  sources,  gathering  and  maintaining  the  data  needed, 
and  completing  and  reviewing  the  collection  of  information 
Send  your  comments  regarding  this  burden  estimate  or  any 
other  aspect  of  this  collection  of  information,  including  sug- 
gestions for  reducing  this  burden  to: 


Reports  Clearance  Officer.  PHS 
Hubert  H.  Humphrey  Building. 
Room  721-B 

200  Independence  Avenue.  S  W 
Washington.  DC   20201 
ATTN:  PRA 


and  to: 

Office  of  Management  and 

Budget 

Paperwork  Reduction  Project 

(0910-0230) 

Washington.  DC   20503 


Please  do  NOT 
return  this  form 
to  either  of  these 
addresses. 


Please  Use  Address  Provided  Below  -  Just  Fold  In  Thirds,  Tape  and  Mail 


Department  of 

Health  and  Human  Services 

Public  Health  Service 

Food  and  Drug  Administration 

Rockville,  MD  20857 


Official  Business 

Penalty  for  Private  Use  $300 


NO  POSTAGE 

NECESSARY 

IF  MAILED 

IN  THE 

UNITED  STATES 

OR  APO/FPO 


BUSINESS  REPLY  MAIL 

FIRST  CLASS  MAIL    PERMIT  NO.  946    ROCKVILLE,  MD 


POSTAGE  WILL  BE  PAID  BY  FOOD  AND  DRUG  ADMINISTRATION 


MEL)i)fccH 


The  FDA  Medical  Products  Reporting  Program 
Food  and  Drug  Administration 
5600  Fishers  Lane 
Rockville,  MD  20852-9787 
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Preliminary  Evaluation  of  High-Frequency  Chest 

Compression  for  Secretion  Clearance  in 

Mechanically  Ventilated  Patients 

Judy  Whitman  RRT,  Ron  Van  Beusekom  RRT,  Suzanne  Olson  CRTT, 
Maiy  Worm  CRTT,  and  Frank  Indihar  MD 


BACKGROUND:  A  high-frequency  chest  compression  (HFCC)  device  called  the 
ThAIRapv  System  has  been  developed  to  provide  secretion  clearance  therapy. 
We  evaluated  the  safety,  efficacy,  and  utility  of  the  device  in  long-term  mechan- 
ically ventilated  patients.  DESCRIPTION  OF  DEVICE:  The  primary  com- 
ponents of  the  device  are  an  air-pulse  generator  and  an  inflatable  vest.  Small  gas 
volumes  are  alternately  injected  into  and  withdrawn  from  the  vest  by  the  air- 
pulse  generator  at  a  fast  rate,  creating  an  oscillatory  or  vibratory  motion.  The 
pulses  cause  the  vest  to  infiate  and  deflate  against  the  thorax  of  the  patient. 
EVALUATION  METHODS:  We  evaluated  HFCC  by  comparing  it  to  per- 
cussion and  postural  drainage  therapy  (P&PD);  sputum  production,  patient  com- 
fort (PC),  pulse-oximetry  saturation  (Spoj),  heart  rate  (HR),  and  blood  pressure 
(BP)  data  were  collected  and  compared  between  the  2  methods.  We  monitored 
the  reliability  of  the  device  and  distributed  a  survey  questionnaire  to  the  entire 
respiratory  therapy  staff  to  assess  utility.  EVALUATION  RESULTS:  Nine  pa- 
tients completed  the  safety  and  efficacy  portion  of  our  evaluation.  No  significant 
difference  was  found  between  P&PD  and  HFCC  in  the  wet  weight  of  collected 
sputum,  the  mean  change-in-percent  of  Sp02  or  the  mean  percent  change  from 
baseline  in  HR,  BP,  or  PC.  All  therapists  believed  that  the  ThAIRapy  System  was 
easy  to  learn,  and  70%  considered  it  an  acceptable  alternative  to  P&PD.  Of  the 
staff  members  surveyed,  80%  believed  that  use  of  the  HFCC  device  resulted  in 
time  savings  in  all  or  most  cases.  There  were  no  equipment  malfunctions  in  225 
hours  of  use.  CONCLUSIONS:  Compared  to  P&PD,  HFCC  via  the  ThAIRapy 
System  may  be  equally  efficacious  in  promoting  secretion  clearance  in  long-term 
mechanically  ventilated  patients.  HFCC  is  neither  more  nor  less  safe  for  patients 
than  is  P&PD  using  Sp02,  HR,  BP,  and  PC  as  outcome  variables.  Most  of  our  res- 
piratory therapists  perceived  HFTC  as  an  acceptable  alternative  to  P&PD.  [Re- 
spirCare  1993:38(  l()):108l-1087.] 


Ms  Whitman  is  Supervisor,  Mr  Van  Beusekom  is  Director, 
Mss  Olson  and  Worm  are  Respiratory  Therapists,  Cardiopul- 
monary Services  Department,  and  Dr  Indihar  is  Director,  Pro- 
longed Respiratory  Care  Unit — Heallheast  Bethesda  Lutheran 
Hospital.  St  Paul.  Minnesota. 

The  authors  have  no  financial  interest  in  the  product  described. 

A  version  of  this  paper  was  presented  by  Ms  Whitman  at  the 
Second  International  Conference  on  Advances  in  Pulmonary 
Rehabilitation  and  Management  of  Chronic  Respiratory  Fail- 
ure held  in  Venice,  Italy,  November  4.  1992. 

Reprints:  Judy  Whitman  RRT.  Supervisor,  Cardiopulmonary 
Services,  Healtheast  Bethesda  Lutheran  Hospital,  559  Capitol 
Blvd,  StPaulMN55102. 


Background 

In  healthy  persons,  secretion  clearance  is  accom- 
plished primarily  through  mucociliary  action  and 
cough.'  Under  normal  conditions  these  mech- 
anisms are  very  efficient.  However,  many  patients 
suffer  from  impairment  of  the  mucus  transport  sys- 
tem and  are  at  risk  for  retained  bronchial  secre- 
tions. Inadequate  secretion  clearance  can  lead  to  se- 
rious complications  that  include  infection,  in- 
creased work  of  breathing,  and  hypoxemia.-  Pro- 
moting bronchial  drainage  in  some  patient  popula- 
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tions  is  a  clinical  challenge.  For  instance,  mechan- 
ical ventilation  often  complicates  our  ability  to  pro- 
vide secretion  clearance  therapy  because  some  ven- 
tilated patients  have  weakened  coughs,  are  difficult 
to  properly  position,  and  often  poorly  tolerate  ag- 
gressive secretion  clearance  procedures.  Over  the 
years,  several  methods  designed  to  enhance  mucus 
clearance  have  been  evaluated.''"-'' 

Percussion  and  postural  drainage  (P&PD)  is  fre- 
quently employed  to  promote  secretion  clearance  in 
patients  with  excessive  or  retained  pulmonary  se- 
cretions. Although  P&PD  appears  to  be  appropriate 
for  some  patients,*'^  it  is  a  labor-intensive,  and 
somewhat  controversial,  therapy.'^'*''"  Therefore, 
alternatives  to  the  use  of  P&PD  merit  investigation. 

Many  researchers"'''  report  an  increase  in  mu- 
cus mobilization  during  high-frequency  oscillatory 
ventilation.  High-frequency  chest  compression 
(HFCC)  is  a  method  for  generating  oscillatory  air- 
flow in  the  airways  and  thereby  mobilizing  pul- 
monary secretions.  Beginning  in  the  early  1980s, 
several  groups  evaluated  the  effect  of  HFCC  on  se- 
cretion clearance,  hi  1983,  King  et  al"  observed  a 
statistically  significant  increase  in  the  rate  of  mu- 
cus clearance  after  applying  high-frequency  pulses, 
via  a  modified  blood  pressure  cuff,  to  the  lower 
thoraxes  of  dogs.  In  1985,  Gross  and  associates'- 
monitored  regional  lung  clearance  of  a  ■^^mjj,. 
sulfur-colloid  aerosol  with  a  gamma  camera  and 
found  significantly  improved  peripheral  mucus 
clearance  during  HFCC.  The  ability  of  HFCC  to 
enhance  mucus  mobilization  may  involve  several 
mechanisms.  The  most  likely  mechanisms  pro- 
posed by  researchers  include  mucus  shearing  due 
to  increased  mucus-airflow  interaction,  enhance- 
ment of  cilia  beat-frequency  as  a  result  of  a  reflex 
mechanism,  and  facilitation  of  the  cephalad  move- 
ment of  mucus  by  the  higher  expiratory  flows 
(compared  to  inspiratory  flows)." 

Recently,  an  HFCC  device  called  the  ThAIRapy 
System  (American  Biosystems,  St  Paul  MN)  has 
been  developed  to  provide  secretion  clearance  ther- 
apy. Studies  have  documented  increased  mucus 
mobilization"'^  and  improved  pulmonary  func- 
tion'^ in  cystic  fibrosis  patients  treated  with  the 
ThAIRapy  System. 

Based  on  this  information,  we  decided  to  evalu- 
ate the  safety,  efficacy,  and  utility  of  this  HFCC  in 


long-term  mechanically  ventilated  patients  who  re- 
quired P&PD  therapy.  Our  intent  was  to  gather 
enough  preliminary  information  to  determine 
whether  HFCC  would  be  useful  in  this  patient  pop- 
ulation. 

Description  and  Application  of  Device 

The  primary  components  of  the  Model  102 
ThAIRapy  System  are  the  air-pulse  generator  and 
an  inflatable  vest.  The  performance  specifications 
of  this  product  have  been  fully  described  in  an  ear- 
lier paper. '^  The  vest,  which  is  made  of  a  material 
that  does  not  stretch,  is  designed  to  fit  over  the  en- 
tire thorax  of  a  patient.  Each  vest  has  two  ports, 
one  on  each  side  of  the  front  panel  (Fig.  1 ).  Large- 
bore  tubing  connects  the  vest  to  the  air-pulse  gener- 
ator. Small  gas  volumes  are  alternately  injected 
into  and  withdrawn  from  the  vest  by  the  air-pulse 
generator  at  a  very  fast  rate,  creating  an  oscillatory 
or  vibratory  motion.  The  pulses  cause  the  vest  to 
inflate  and  deflate  against  the  thorax  of  the  patient. 
There  are  two  operator- adjustable  controls:  pulse 
frequency  and  pulse  pressure.  Pulse  frequency  is 
variable  from  5  to  25  Hz  and  pulse  pressure  from 
0.35  to  0.75  psi. 


Fig.  1.  Secretion-clearance  procedure  using  the 
ThAIRapy  System  performed  on  a  mechanically  ventilat- 
ed patient . 

One  HFCC  protocol.'^  described  for  use  in  cys- 
tic fibrosis  patients,  uses  a  range  of  frequencies.  Pa- 
tients arc  in  a  sitting  or  semi-Fowler's  position  and 
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receive  treatment  for  5  minutes  at  each  frequency. 
At  this  time  (1993),  the  medical  literature  does  not 
include  a  description  of  HFCC  in  patients  with  pul- 
monary diseases  other  than  cystic  fibrosis.  There- 
fore, the  full  range  of  potential  applications  is  un- 
known. 

The  inflatable  vests  are  applied  to  patients  with 
minimal  manipulation.  Our  entire  population  re- 
quired a  'wardrobe'  of  only  6  reusable  vests  that 
ranged  in  size  from  small  to  extra-large.  Before  ap- 
plying the  device  to  patients,  we  considered  the 
risk  of  cross-contamination.  Because  the  vests  were 
not  used  over  broken  or  irritated  skin,  we  classified 
the  components  of  the  HFCC  device  as  non- 
critical.-"  Components  were  cleaned  with  a  low- 
level  hospital  disinfectant  before  being  applied  to 
another  patient. 

Evaluation  Methods 

To  evaluate  the  safety  and  efficacy  of  the  HFCC 
device  in  long-term  mechanically  ventilated  pa- 
tients, we  compared  a  conventional  P&PD  protocol 
to  an  HFCC  protocol.  Efficacy  was  evaluated  by 
comparing  the  wet  weight  of  sputum  collected  dur- 
ing therapy  sessions.  Safety  was  evaluated  by  mon- 
itoring patient  comfort  and  certain  physiologic  var- 
iables. To  evaluate  the  utility  of  the  device,  we 
developed  a  survey  questionnaire  and  monitored 
the  reliability  of  the  device  by  recording  malfunc- 
tions or  problems  that  required  service. 

Patients 

During  the  safety  and  efficacy  portion  of  our 
evaluation,  mechanically  ventilated  patients  who 
had  received  artificial  ventilation  more  than  30 
days  and  who  required  external  manipulation  of  the 
thorax  to  enhance  secretion  clearance  (as  de- 
termined by  the  clinical  judgment  of  the  attending 
physician)  were  recruited  to  participate.  Protocol 
approval  and  informed  consent  were  obtained  ac- 
cording to  institutional  guidelines.  Patients  with  a 
history  of  pneumothorax,  hemoptysis,  or  cardiac  ar- 
rhythmias within  the  past  30  days,  and  those  who 
required  a  high  level  of  ventilatory  support  (\fe  > 
15  L/min,  PEEP  >10  cm  H.O,  Fio:  >  0.50)  were 
excluded  from  participation.  Ten  patients  were  en- 
rolled in  the  safety  and  efficacy  portion  of  our  eval- 


uation (Table  1).  Patient  7  withdrew  before  com- 
pletion of  the  protocol  and  was  not  included  in  the 
final  analysis. 

Table  1.    Description  of  Patients  at  Study  Entry 


Patient 

Days  on 

Number 

Sex/Age 

Diagnosis 

Ventilator 

1 

M/56 

Multiple  sclerosis 

640 

2 

M/71 

Cerebral  vascular  accident 

1203 

3 

M/90 

COPD,  respiratory  failure 

250 

4 

M/68 

COPD,  cerebral  vascular 

accident 

180 

5 

M/76 

Cerebral  vascular  accident 

720 

6 

M/40 

Myotonic  dystrophy 

310 

7 

F/62 

Alcohol  abuse,  respiratory 

failure 

260 

8 

F/74 

Emphysema,  respiratory 

failure 

90 

9 

F/70 

Amyotrophic  lateral 

sclerosis 

250 

10 

M/72 

Amyotrophic  lateral 

sclerosis 

480 

Study  Design 

A  crossover  design,  with  each  patient  enrolled 
for  a  period  of  4  days,  was  used  for  this  study.  Ran- 
domization of  subjects  into  the  2  therapy  groups 
was  accomplished  by  using  a  random,  permuted- 
block  design  with  crossover  that  allowed  for  2  con- 
secutive days  of  each  form  of  therapy  for  each  sub- 
ject. In  each  patient,  both  HFCC  and  P&PD  were 
performed  according  to  the  same  schedule,  either  3 
or  4  times/day.  Five  trained  respiratory  therapists 
performed  all  therapies. 

P&PD  Protocol 

Percussion  was  applied  for  2  minutes  over  each 
of  5  regions:  anterior  segments  of  both  upper  lobes, 
right-upper-lobe  posterior  segment,  right-lower- 
lobe  lateral  segment,  left-upper-lobe  posterior  seg- 
ment, and  left-lower-lobe  lateral  segment.  Patients 
were  positioned  15°  Trendelenburg  for  drainage  of 
lower  lobes. 

HFCC  Protocol 

HFCC  was  administered  at  8  Hz  and  16  Hz, 
each  for  5  minutes,  according  to  the  manufacturer's 
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recommendations.  Therapy  was  performed  with  pa- 
tients sitting  or  in  the  semi-Fowler's  position  and 
proceeded  from  the  lowest  to  the  highest  fre- 
quency. HFCC  was  applied  during  both  inhalation 
and  exhalation  throughout  the  entire  10-minute 
therapy  session. 

Data  Collection 

The  total  time  of  active  treatment  was  the  same 
for  both  secretion  clearance  techniques.  Patients 
were  suctioned  prior  to  the  start  of  all  therapies. 
This  pretherapy  sputum  sample  was  not  measured 
or  included  in  the  total  amount  of  sputum  cleared 
during  the  therapy.  Sputum  was  collected  during 
the  therapy  session,  immediately  at  the  end  of  the 
therapy,  and  30  minutes  after  therapy  completion. 
Sputum  samples  were  collected  in  40-mL  specimen 
traps  that  were  weighed  prior  to  sputum  collection. 
The  wet-weight  determination  of  the  sputum  was 
performed  immediately  after  obtaining  the  last  ther- 
apy-session sample.  Our  primary  outcome  var- 
iables for  the  assessment  of  safety  were  arterial  ox- 
ygen saturation  by  pulse  oximeter  {Sp02).  heart  rate 
(HR).  blood  pressure  (BP),  patient  comfort  (PC), 
and  the  wet  weight  of  sputum  cleared  during  ther- 
apy sessions. 

HR  and  SpO:  were  measured  with  a  pulse  ox- 
imeter (Model  N-200,  Nellcor  Inc,  Hay  ward  CA) 
before,  after  5  minutes  of  therapy  (treatment  mid- 
point), and  after  each  therapy.  BP  was  measured 
before,  during,  and  after  each  therapy  with  a  non- 
invasive blood  pressure  monitor  (Model  1846,  Din- 
amap,  Critikon  Inc,  Tampa  FL).  Patient  comfort 
was  assessed  before,  during,  and  after  each  therapy 
by  having  the  patients  indicate  their  comfort  level 
on  a  visual  analog  scale.  We  asked  the  patients  to 
point  to  a  number  corresponding  to  their  perceived 
level  of  comfort,  on  a  scale  of  1  (no  discomfort)  to 
10  (extreme  discomfort).  Their  responses  were  re- 
corded for  PC  analysis.  Our  analysis  of  HR,  SpO:- 
BP,  and  PC  consisted  of  comparing  the  pretherapy 
measure  to  the  during-therapy  measure  and  de- 
termining the  average  change  in  SpO:  %  and  % 
change  from  baseline  for  HR,  BP,  and  PC.  These 
data  were  positive  when  the  values  for  the  HFCC 
group  were  higher  than  those  for  the  P&PD  group. 
Sputum  production  was  analyzed  by  comparing  the 
mean  weight  of  the  sputum  collected  with  each 


treatment  method.  All  comparisons  were  made  us- 
ing the  Wilcoxon  signed-rank  test  for  matched 
pairs. 

To  evaluate  the  utility  of  HFCC,  we  developed  a 
survey  questionnaire  that  used  a  5-point  Likert 
scale  (Fig.  2)  to  collect  information  regarding  ease 
of  learning,  therapist  acceptance,  and  perceived  im- 
pact on  productivity.  The  questionnaire  was  distrib- 
uted to  our  entire  staff  of  20  respiratory  therapists 
approximately  3  months  after  the  patient  portion  of 
the  study  had  been  completed.  We  collected  in- 
formation from  the  entire  population  of  respiratory 
therapists,  and  summarized  the  results  of  the  survey 
using  simple  descriptive  statistics.  To  quantify  the 
number  of  malfunctions  or  equipment  problems, 
we  divided  the  hours  of  use  (obtained  from  a  hour 
meter  on  the  device)  by  the  number  of  malfunc- 
tions or  problems  to  arrive  at  problems  per  hour  of 
us. 


User  Survey 

1.  Approximately  how  many  therapies  have  you 
performed  with  the  ThAIRapy  System? 

n  <  25  n  25-50  D  >  50 

2.  The  ThAIRapy  system  is  easy  to  learn? 
EH  in  all  cases         EH  in  most  cases 

EH  in  some  cases    EH  in  no  cases         EH  N/A 

3.  The  ThAIRapy  system  is  an  acceptable  alterna- 
tive to  CPT? 

EH  in  all  cases         EH  in  most  cases 

EH  in  some  cases    EH  in  no  cases         EH  N/A 

4.  The  ThAIRapy  system  results  in  time  savings? 
EH  in  all  cases         EH  in  most  cases 

EH  in  some  cases    EH  in  no  cases         EH  N/A 


Fig.  2.  Survey  questionnaire  administered  to  respiratory 
care  staff.  Responses  were  used  to  evaluate  HFCC  util- 
ity. 

Evaluation  Results 

For  the  9  patients  who  completed  the  study,  88 
treatments  were  performed.  The  mean  (SD)  weight 
of  sputum  specimens  collected  with  each  therapy 
was  HFCC  3.60  (3.4)  g  and  P&PD  3.39  (2.1)  g. 
These  data  for  each  patient  are  shown  in  Figure  3. 
No  significant  difference  in  the  wet  weight  of  col- 
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Fig.  3.  Mean  wet  weight  of  collected  pulmonary  secre- 
tions per  patient,  by  treatment  method:  HFCC  =  |  |, 
P&PD=n. 

lected  sputum  was  found  between  the  two  therapy 
techniques  (p  =  0.77).  The  mean  change  in  Sp02  % 
and  mean  %  change  from  the  pretherapy  measures 
to  the  during-therapy  measures  for  BP,  HR,  and  PC 
are  reported  in  Table  2.  When  HFCC  was  com- 
pared to  P&PD,  no  significant  difference  was 
found  in  the  mean  %  change  from  baseline  for  any 
variable.  Due  to  communication  difficulties,  3  of 
the  9  patients  were  judged  unable  to  provide  re- 
liable comfort-level  data  and  our  results  are  based 
only  on  the  remaining  6  patients  (Table  2).  Ques- 
tionnaires were  distributed  to  the  entire  20-member 
respiratory  therapy  staff.  All  questionnaires  (100%) 
were  properly  completed,  returned  to  the  study  co- 
ordinator, and  tabulated  for  final  results.  We  found 
that  19  of  20  of  the  respiratory  therapy  staff  mem- 
Table  2.    Summary  of  Results  Describing  the  Mean  Change  in 

Safety-Assessment    Measures    between    Pretherapy 

and  During-Therapy  Values 


Technique 


Measure 


HFCC 


P&PD 


Blood  Pressure 

(%  change)  0.02%  (7.2%)*        1.06%  (6.2%)      0.59 

Heart  Rate 

(%  change)  1.71%  (2.5%)         4.21%  (3.2%)       0.09 

Sp02 

(change  in  %)  0.90%  (0.9%)         0.41  %.  ( 1 .8 1  %)     0.59 

Comfort  Level 
(%  change)  135.0%  (79.2%)*    151.2%  ( 170.1%)      0.92 


*Results  are  mean  (SD). 

^Based  on  6  patients;  higher  score  =  greater  discomfort. 


bers  had  performed  at  least  25  treatments  using 
HFCC.  Our  therapists  believed  that  HFCC  was 
ea.sy  to  learn  to  use,  and  70%  considered  it  an  ac- 
ceptable alternative  to  P&PD  in  most  circum- 
stances. Eighty  percent  of  the  staff  felt  that  use  of 
the  HFCC  device  often  or  always  resulted  in  time 
savings.  During  a  6-month  period  that  represented 
225  hours  of  use,  there  were  no  equipment  mal- 
functions or  problems  that  required  service. 

Discussion 

Providing  secretion  clearance  therapy  in  many 
patient  populations  is  a  clinical  challenge.  We  un- 
dertook an  evaluation  to  explore  the  safety,  ef- 
ficacy, and  utility  of  the  ThAIRapy  System  in 
stable  mechanically  ventilated  patients  who  re- 
quired assistance  with  puhnonary-secretion  clear- 
ance. We  recorded  and  compared  SpO:,  HR,  BP, 
PC,  and  the  wet  weight  of  collected  sputum  in  9 
chronically  ventilated  patients.  In  this  preliminary 
evaluation,  we  found  HFCC  via  the  ThAIRapy  Sys- 
tem to  be  as  effective  as  P&PD  for  secretion  mo- 
bilization. Additionally,  HFCC  was  found  to  be  a 
safe  method  of  secretion  clearance  when  compared 
to  a  conventional  P&PD  protocol,  and  the  results  of 
our  survey  questionnaire  point  to  a  high  level  of 
HFCC  utility  from  the  perspective  of  front-line  res- 
piratory therapists. 

The  ability  of  oscillatory  airflow  to  enhance  se- 
cretion mobilization  is  described  in  the  litera- 
ture."''^ However,  we  did  not  observe  a  statistical- 
ly significant  increase  in  sputum  volume  during 
HFCC  when  compared  to  P&PD.  Perhaps  a  larger 
group  of  subjects  would  have  evoked  significance. 
Our  results  may  be  due  to  some  inadequacy  of  the 
measure,  or  it  may  be  because  many  of  our  patients 
suffer  from  some  fomi  of  neuromuscular  weakness 
and  possess  weak  or  nonexistent  coughs — 
consequently,  we  may  not  have  captured  all  the  se- 
cretions loosened  during  therapy.  Given  our  data 
on  sputum  production,  HFCC  compared  well  to  a 
rigorous  P&PD  procedure  that  included  Tren- 
delenburg positioning  and  percussion  to  all  lobes. 

In  most  patients,  both  P&PD  and  HFCC  were 
well  tolerated  as  shown  by  the  similar  changes  in 
SpO:-  BP,  HR,  and  PC.  However,  on  two  occasions, 
one  patient  in  the  P&PD  group  experienced  an  Sp02 
drop  of  6%  while  in  the  Trendelenberg  position; 
the  saturation  decrease  was  presumably  related  to 
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the  position  because  return  to  normal  saturation  oc- 
curred when  the  patient  was  returned  to  an  upright 
position.  Interestingly,  the  largest  SpO:  drop  during 
HFCC  therapy  for  the  same  patient  was  only  2%. 
Therefore,  the  ability  to  effectively  promote  secre- 
tion clearance  without  head-down  positioning  may 
be  an  advantage  of  HFCC  over  P&PD. 

It  is  important  that  the  equipment  we  apply  to 
patients  be  not  only  safe  and  efficacious  but  also 
useful  and  reliable.  Medical  devices  should  possess 
attributes  that  facilitate  the  efficient  delivery  of  pa- 
tient care.  With  an  average  of  9,166  patient- 
ventilator  days  and  7,200  P&PD  therapies  per  year, 
heavy  demands  are  placed  on  our  department.  As 
we  face  the  challenges  of  expanding  roles,  staff 
shortages,  and  cost  containment,  it  is  important  to 
continually  evaluate  alternative  methods  of  de- 
livering patient  care.  The  availability  of  various 
methodologic  options  gives  therapists  the  ability  to 
choose  and  apply  the  most  appropriate  form  of 
therapy.  HFCC  was  well  accepted  by  our  res- 
piratory therapy  staff.  A  high  percentage  of  ther- 
apists (80%)  believed  that  there  were  time  savings 
associated  with  HFCC  therapy  in  all  or  most  cases. 
Objective  time  studies  are  required  to  better  under- 
stand issues  related  to  therapist  productivity  and 
the  use  of  HFCC.  We  found  no  objective  evidence 
that  the  HFCC  device  is  superior  or  inferior  to 
P&PD.  However,  subjectively,  HFCC  appears  to 
be  safe  and  well  tolerated  by  the  patients,  well  re- 
ceived by  the  caregivers,  and  somewhat  less  labor- 
intensive  than  P&PD. 

We  did  not  perform  a  formal  cost-analysis;  how- 
ever, the  time  saved  by  the  use  of  HFCC  (if,  in  fact, 
time  is  saved)  must  be  balanced  against  the  cost  of 
the  ThAIRapy  System  (Rent  $500/mo),  disposable 
vest  and  tubing  ($98.50/patient),  and  subsequent 
maintenance  costs.  Additional  questions  beyond 
the  scope  of  this  evaluation  remain: 

•  What  are  the  benefits  of  HFCC  from  a  patient 
outcome  perspective? 

•  Are  there  long-term  economic  advantages  of 
HFFC? 

•  Would  postural  drainage  enhance  the  effect  of 
HFFC  therapy? 

With  our  preliminary  safety,  efficacy,  and  utility 
questions  answered,  we  plan  to  conduct  additional 
research  to  explore  these  issues. 


Conclusions 

In  this  evaluation,  we  did  not  find  HFCC  via  the 
ThAIRapy  system  to  be  more  or  less  effective  for 
secretion  clearance  than  P&PD;  there  was  no  dif- 
ference in  our  measurements  of  safety  (Sp02,  HR, 
BP,  and  PC)  between  therapy  methods;  and  secre- 
tion clearance  using  an  HFCC  device  received  a 
high  utility  rating  from  our  respiratory  therapy 
staff.  Although  much  more  research  is  required,  the 
results  of  our  evaluation  lead  us  to  believe  that 
HFCC  is  a  viable  alternative  to  P&PD  for  secretion 
clearance  in  chronically  ventilated  patients. 
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Case  Reports 


Cyanosis  and  Sulfhemoglobinemia: 
A  Case  Report 

James  M  O'Connor  BA  RPFT  RPsgT  RRT 


Introduction 

Sulfhemoglobinemia  is  an  uncommon  disorder 
that  is  often  mistaken  for  methemoglobinemia.  Both 
of  these  disorders  cause  cyanosis  and  result  from  al- 
teration of  the  heme  moiety  by  certain  drugs  and 
chemicals,  usually  when  such  substances  are  taken 
in  excessive  amounts.'""*  Although  sulfhemoglobi- 
nemia and  methemoglobinemia  have  similar  spec- 
tral characteristics,  important  clinical  and  labora- 
tory differences  exist  between  the  two  abnormal 
pigments.  I  describe  a  patient  who  developed  sulf- 
hemoglobinemia only  a  few  days  after  beginning  to 
take  therapeutic  doses  of  a  drug  known  to  cause 
methemoglobinemia. 

Case  Summary 

An  80-year-old  White  woman  was  referred  to  the 
Pulmonary  Medicine  Department  by  her  dermatol- 
ogist who  had  requested  arterial  blood  gas  analysis 
because  he  had  detected  cyanosis  of  her  lips  and 
fingertips.  The  patient  recalled  that  she  had  noticed 
the  bluish  color  of  her  skin  but  was  not  sufficiently 
alarmed  to  seek  medical  attention.  Arterial  blood 
drawn  while  the  patient  was  breathing  room  air  was 
chocolate   colored.    Analysis   revealed   pH    7.44, 
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Paco:  41  ton-  [5.5  kPa],  and  PaO:  76  ton-  [10.1  kPa]. 
Subsequent  analysis  of  a  blood  sample  by  CO- 
oximeter  (IL-282,  Instrumentation  Laboratory, 
Lexington  MA)  revealed  a  methemoglobin  level  of 
42%.  Because  of  the  patient's  age  and  a  remote  his- 
tory of  angina,  she  was  admitted  to  the  hospital  for 
further  evaluation  of  her  cyanosis. 

Prior  to  her  admission,  the  patient  was  in  her 
usual  state  of  fair  health,  with  mild  diabetes  and 
chronic  urinary  tract  infections  due  to  an  atonic 
bladder  that  required  self-catheterization  2-3  times 
daily.  There  was  no  history  of  any  cardiac  or  pul- 
monary disease,  and  she  was  asymptomatic  except 
for  mild  exertional  dyspnea. 

On  physical  examination  the  patient  was  ca- 
chectic, and  her  hue  was  violaceous  and  slightly  yel- 
low in  appearance.  Marked  circumoral  cyanosis  was 
present,  and  her  nail  beds  had  a  slate-gray  appear- 
ance. Her  regular  medications  included  alprazolam 
(Xanax)  0.75  mg  daily,  nalidixic  acid  (Negram)  1  g 
daily,  and  metaprolol  tartrate  (Lopressor)  50  mg  dai- 
ly. Five  days  prior  to  her  adrnission,  phenazopyri- 
dine  hydrochloride  (Pyridium)  had  been  prescribed 
for  urinary  tract  discomfort,  and  she  began  taking 
200  mg  daily. 

Her  vital  signs  were  normal,  and  the  lungs  were 
clear  to  auscultation  and  percussion.  Her  cardio- 
vascular examination  was  unremarkable  with  no 
niurmur  heard.  The  chest  roentgenogram  revealed 
no  active  disease.  Laboratory  studies  revealed  a  he- 
moglobin of  12.2  g/dL  with  normal  red  cell  mor- 
phology and  indexes.  The  white  blood  cell  count 
was  9,900/mm  with  a  normal  differential.  The 
blood  urea  nitrogen  level  was  13  mg/dL  with  a 
creatinine  value  of  0.7  mg/dL.  The  glucose-6- 
phosphate  dehydrogenase  (G6PD)  level  was  within 
normal  limits.  Hemoglobin  M  was  not  detected. 
The  arterial  blood  was  brown. 
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A  preliminary  diagnosis  of  methemoglobinemia 
was  made,  and  the  phenazopyridine  was  stopped. 
Methylene  blue  ( 1  mg/kg)  was  given  intravenously 
over  a  5-minute  period.  One  hour  later  her  color 
was  unchanged  and  a  repeat  methemoglobin  level 
was  40%.  A  second  dose  of  methylene  blue  was  ad- 
ministered with  no  observable  diminution  in  her 
cyanosis.  CO-oximeter  analysis  revealed  a  methe- 
moglobin level  of  39.3%.  Because  the  patient's  cya- 
nosis and  methemoglobin  levels  failed  to  respond  to 
methylene  blue  administration,  a  sample  of  her 
blood  was  sent  to  a  university  facility  for  further 
evaluation.  Detailed  spectrophotometric  analysis  re- 
vealed a  sulfhemoglobin  level  of  18.3%  and  an  ab- 
sence of  methemoglobin.  Five  months  after  dis- 
charge, spectrophotometric  analysis  was  repeated 
and  revealed  no  evidence  of  sulfhemoglobin.  Her 
cyanosis  had  disappeared. 

Discussion 

Cyanosis  is  most  commonly  due  to  an  increased 
amount  of  reduced  hemoglobin  in  circulating  blood 
caused  by  either  an  anatomic  cardiac  right-to-left 
shunt  or  a  disturbed  ventilation/perfusion  relation- 
ship in  the  lung.'-*  In  the  evaluation  of  a  cyanotic 
patient  with  no  evidence  of  cardiopulmonary  dis- 
ease, the  differential  diagnosis  must  include  the 
dyshemoglobinemias,  specifically  methemoglobi- 
nemia and  sulfhemoglobinemia.  In  patients  with  ei- 
ther of  these  abnormal  pigments,  the  slate-gray  col- 
or of  the  skin  is  not  due  to  any  cardiopulmonary  de- 
ficiency but  is  rather  the  result  of  the  spectral 
characteristics  of  the  abnormal  pigments.  However, 
elevated  levels  of  the  pigments  can  affect  oxygen- 
ation by  their  inability  to  bind  oxygen  and  by  their 
effect  on  the  oxygen  dissociation  curve.  Sulf- 
hemoglobin is  an  incompletely  characterized  hemo- 
globin derivative.  While  the  precise  structure  of  the 
pigment  is  uncertain,  isoelectric-focusing  tech- 
niques have  determined  that  the  sulfhemoglobin 
molecule  has  a  sulfur  atom  incorporated  into  the 
porphyrin  ring.^  Sulfhemoglobin  has  a  character- 
istic absorption  peak  of  618  nm.  which  is  not  abol- 
ished with  the  addition  of  cyanide.  Its  name  is  de- 
rived from  its  in-vitro  production  by  the  chemical 
reaction  of  hydrogen  sulfide  with  hemoglobin.  The 
mechanism  for  the  production  of  sulfhemoglobin  in 
vivo  is  not  well  understood.''' 


Sulfhemoglobinemia  is  most  often  seen  in  pa- 
tients exposed  to  certain  chemicals  or  those  taking 
certain  drugs.'  "*'  Many  of  the  substances  known  to 
cause  sulfhemoglobinemia  can  also  cause  methem- 
oglobinemia. Finch  listed  30  agents  known  to  cause 
either  sulfhemoglobinemia  or  methemoglobinemia.' 
The  most  common  offenders  included  nitrate  com- 
pounds, sulfonamides,  and  aniline  derivatives.  Phe- 
nazopyridine hydrochloride,  an  azo  dye  and  the  of- 
fender in  this  case,  is  a  commonly  used  urinary  tract 
analgesic.  Phenazopyridine' s  side  effects  include 
hemolysis,  renal  failure,  yellow  skin  pigmentation, 
and  methemoglobinemia.'"  These  side  effects  are 
most  often  seen  in  association  with  overdoses.-"'^ 
Phenazopyridine  is  an  indirect  oxidant  and  does  not 
produce  sulfhemoglobin  (or  methemoglobin)  in  vi- 
tro.'-^  Its  oxidative  toxicity  is  most  likely  a  resuh  of 
its  conversion  to  some  intermediate  forms  that  are 
direct  oxidants.  A  number  of  cases  of  phenazopyri- 
dine-induced  methemoglobinemia  have  been  report- 
ed in  the  literature.-"  '-•'■*'*  Only  rarely  has  phena- 
zopyridine been  associated  with  sulfhemoglobi- 
nemia.*" It  is  interesting  to  note  that  Jeffery  and 
co-workers  described  two  cases  of  methemoglobi- 
nemia secondary  to  phenazopyridine  ingestion  that 
did  not  respond  to  methylene  blue  administration."* 
The  clinical  presentation  of  these  cases  was  more 
consistent  with  sulfhemoglobinemia.  Indeed,  there 
are  a  number  of  reports  in  the  medical  literature  in 
which  sulfhemoglobinemia  was  mistaken  for  met- 
hemoglobinemia.''""  Despite  a  review  of  62  cas- 
es from  the  Mayo  Clinic  that  concluded  that  sulf- 
hemoglobinemia is  more  common  than  methe- 
moglobinemia,"* the  former  is  treated  as  an  after- 
thought to  the  latter  in  the  medical  literature. -° 

Park,  in  her  thorough  review  of  sulfhemoglobin, 
expresses  her  belief  that  sulfhemoglobinemia  is  of- 
ten under  diagnosed,  most  likely  because  of  in- 
adequate laboratory  documentation.''  The  laboratory 
documentation  of  sulfhemoglobinemia  requires  spe- 
cial equipment  that  was  not  available  to  us.  The  pa- 
tient in  this  report  was  diagnosed  as  having  met- 
hemoglobinemia based  on  her  physical  examina- 
tion, her  history  of  taking  a  medication  known  to 
cause  methemoglobinemia,  and  a  CO-oximetry 
analysis  that  revealed  an  abnormal  methemoglobin 
level. 

The  IL-282  CO-oximeter  is  an  automated  spec- 
trophotometer that  uses  a  4-wavelength  method  to 
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detect  the  optical  absorbance  of  hemoglobin  frac- 
tions in  whole  blood.  The  four  wavelengths  meas- 
ured are  530.0.  585.2.  594.5.  and  626.6  nm.  This 
methodology  allows  for  the  determination  of  oxy- 
hemoglobin, deoxyhemoglobin.  carboyhemoglobin, 
and  methemoglobin.  Unfortunately,  the  IL-282 
cannot  distinguish  between  methemoglobin  and 
sulfhemoglobin.  Because  sulfhemoglobin's  absorb- 
ance peak  of  618  nm  is  close  to  methemoglobin's 
peak  of  630  nm,  the  sulfhemoglobin  exhibits  spec- 
tral interference  with  the  methodology  of  the  IL- 
282.  The  presence  of  sulfhemoglobin  results  in  an 
abnormally  high  methemoglobin  value.  The  man- 
ufacturer acknowledges  this  problem.''  Halvorsen 
&  Dull'^  and  Kelner  and  Bailey'''  reported  similar 
experiences  with  the  IL-282  with  sulfhemoglobin 
mismeasured  as  methemoglobin. 

Although  sulfhemoglobinemia  is  often  mistaken 
for  methemoglobinemia,  the  differences  between 
the  two  abnormal  hemoglobin  derivatives  are  not 
trivial.  Table  1  lists  several  characteristics  that  al- 
low differentiation  between  sulfhemoglobinemia 
and  methemoglobinemia.  As  little  as  0.5  g/dL  of 
sulfhemoglobin  produces  readily  detectable  cyano- 
sis, whereas  1.5  g/dL  of  methemoglobin  and  5.0  g/ 
dL  of  reduced  hemoglobin  are  necessary  to  pro- 
duce similar  degrees  of  cyanosis. 

Table  I.    Clinical  and  Laboratory  Differences  between  Met- 
hemoglobinemia and  Sulfhemoglobinemia 


Characteristic 

Methemoglobin 

Sulfhemoglobin 

Oxygen  binding 

No 

No 

O2  curve  shift 

Left 

Right 

Detectable  cyanosis 

1.5  g/dL 

0.5  g/dL 

Toxic  level 

>30% 

>60% 

Reversible 

Yes 

No 

Duration 

Drug  dependent 

Life  of  RBC* 

Spectrophotometry  peak 

630  nm 

618  nm 

CO-oximetry  detectable 

Yes 

Some  systems 

*Red  blood  cell. 

Neither  sulfhemoglobin  nor  methemoglobin  can 
bind  with  oxygen.  Their  effect  on  the  oxygen  trans- 
port system  is  also  determined  by  how  the  ab- 
normal pigments  affect  neighboring  unmodified 
hemes.  Methemoglobin's  structural  conformation 
causes  adjacent  unmodified  hemes  to  have  a  great- 
er affinity  for  oxygen  and  therefore  a  leftward  shift 


of  the  oxygen  dissociation  curve.  Sulfhemoglobin's 
unliganded  conformation,  on  the  other  hand,  causes 
neighboring  normal  hemes  to  have  a  reduced  affin- 
ity for  oxygen  and  a  rightward  shift  of  the  curve, 
resulting  in  enhanced  oxygen  delivery  to  the 
periphery.  This  difference  most  likely  explains  why 
patients  with  sulfhemoglobinemia  are  generally 
less  toxic  than  those  with  methemoglobinemia  de- 
spite the  fact  that  these  patients  look  bluer  than 
those  with  methemoglobinemia.  Sulfhemoglobin 
levels  as  high  as  60%  of  the  total  pigment  rarely 
cause  clinically  important  signs  or  symptoms.  Sim- 
ilar levels  of  methemoglobin  may  be  associated 
with  vascular  collapse,  coma,  and  death.* 

It  is  fortunate  that  sulfhemoglobin  produces  a 
rightward  shift  in  the  oxygen  dissociation  curve  be- 
cause there  is  no  antidote  for  sulfhemoglobinemia. 
Unlike  methemoglobin,  which  can  be  reduced  to 
normal  hemoglobin  by  the  administration  of  meth- 
ylene blue,  no  such  conversion  process  exists  for 
sulfhemoglobin.  The  pigment  lasts  the  life  of  the 
erythrocyte,  approximately  120  days.  In  fact,  sulf- 
hemoglobin-containing  red  cells  have  been  used  to 
determine  erythrocyte  lifespan.'^  The  treatment  of 
sulfhemoglobinemia  is  withdrawal  of  the  offending 
agent.  Exchange  transfusion  is  rarely  needed  be- 
cause of  the  low  toxicity  of  the  pigment. 

Sulfhemoglobinemia  is  es,sentially  a  benign  dis- 
order, although  the  cyanosis  can  be  cosmetically 
distressing.  The  present  report  describes  a  patient 
with  normal  renal  and  hematologic  function  who 
developed  sulfhemoglobinemia  soon  after  begin- 
ning to  take  therapeutic  doses  of  a  medication 
known  to  cause  methemoglobinemia  when  taken  in 
excessive  amounts.  It  is  unclear  why  this  patient 
developed  sulfheinoglobinemia  rather  than  met- 
hemoglobinemia, although  the  lists  of  causative 
agents  for  both  these  disorders  overlap.  The  origin 
of  the  sulfur  atom  necessary  to  produce  sulfhe- 
moglobin is  also  unclear  because  the  patient  was 
not  taking  any  sulfur-containing  drugs  or  was  not 
exposed  to  any  sulfur-containing  chemicals.  Hal- 
vorsen &  Dull  were  also  unable  to  discover  the 
origin  of  the  sulfur  atom  in  their  report  of  a  case 
of  phenazopyridine-induced  sulfhemoglobinemia. '^ 
Chronic  constipation  with  the  production  of  excess 
hydrogen  sulfide  in  the  gut  has  been  postulated  as 
the  source  of  the  sulfur  atom,  but  this  has  never 
been   proven.-"  Whatever  the  etiology,   the  con- 
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centration  of  phenazopyridine  in  this  patient  pre- 
sumably was  sufficient  to  overwhelm  the  counter- 
oxidant  protective  mechanisms  within  the  eryth- 
rocyte and  resulted  in  the  development  of  sulf- 
hemoglobinemia. 

Despite  the  unknown  etiology  of  this  disorder, 
what  is  certain  is  that  careful  laboratory  documen- 
tation is  necessary  to  differentiate  between  methe- 
moglobin  and  sulfhemoglobin.  Not  all  commercial- 
ly available  CO-oximeter  systems  are  able  to  dif- 
ferentiate between  these  two  pigments.  Operators 
of  such  instrumentation  must  take  care  to  ascertain 
the  limitations  of  CO-oximeter  systems  when  an- 
alyzing blood  samples  for  the  presence  of  abnormal 
hemoglobin. 
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Management  of  Two  Pediatric  Patients 
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Introduction 

Hypoxemia  can  occur  when  ventilation-per- 
fusion  mismatch  resuhs  from  a  reduction  in  a  pa- 
tient's functional  residual  capacity  (FRC).  This  can 
be  observed  in  patients  with  adult  respiratory  dis- 
tress syndrome,  pulmonary  edema,  and  atelectasis. 
Respiratory  management  in  this  group  of  patients  is 
generally  directed  toward  maneuvers  that  increase 
lung  volume.  This  frequently  includes  endotracheal 
intubation  and  the  institution  of  conventional  me- 
chanical ventilation  including  positive  end- 
expiratory  pressure  (PEEP)  by  volume-  or  pres- 
sure-limited ventilator.  We  describe  our  experience 
with  two  pediatric  patients  who  developed  atelecta- 
sis and  pulmonary  edema  and  were  successfully 
managed  noninvasively  with  a  bi-level  positive  air- 
way pressure  device — a  flow-cycled,  pressure- 
limited  ventilator,  coupled  with  a  nasal  mask. 

Device  Description 

The  bi-level  positive  airway  pressure  device  that 
we  used  (BiPAP®  Respironics  Inc,  Murrysville 
PA)  provides  pressure-limited  ventilation  with 
PEEP,  or  expiratory  positive  airway  pressure 
(EPAP),  in  response  to  the  patient's  inspiratory  ef- 
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fort.  The  device  provides  EPAP  ranging  from  2-20 
cm  HiO  [0.2-2.0  kPa],  and  inspiratory  positive  air- 
way pressure  (IPAP)  ranging  from  2-25  cm  HiO 
[0.2-2.5  kPa].  Electronic  pressure  controls  also  al- 
low selection  of  cycling  frequency  between  IPAP 
and  EPAP  (from  6-30  cycles/min)  and  the  %  IPAP, 
or  proportion  of  each  cycle  spent  at  IPAP,  ranging 
from  10-90%. 

The  system'  incorporates  a  contoured  nasal 
mask  secured  in  place  with  a  headband  and  con- 
nected to  the  ventilator.  The  system  is  interactive 
with  patient  breathing  (ie,  it  responds  to  patient  in- 
spiratory effort)  through  the  use  of  a  flow  trans- 
ducer. At  the  initiation  of  inspiration,  a  change  in 
the  level  of  circuit  flow  causes  the  device  to  im- 
pose a  preset  IPAP.  As  inspiratory  flow  decreases 
toward  the  end  of  the  inspiratory  cycle,  the  pres- 
sure-supported breath  is  terminated  in  synchrony 
with  the  patient's  breathing  pattern.  The  pressure  in 
the  circuit  then  drops  to  a  preset  EPAP  allowing 
the  patient  to  exhale.  The  unit  cycles  between  the 
set  EPAP  and  IPAP  levels  in  response  to  patient 
triggering,  requiring  only  a  40  mL/s  inspiratory 
flow  to  initiate  ventilatory  support  and  capable  of 
delivering  peak  flows  of  180  L/min.  In  the  spon- 
taneous mode,  patients  control  their  own  res- 
piratory frequency,  inspiratory  flow,  and  expiratory 
time,  while  the  device  augments  the  patient's  tidal 
volume. 

Case  Presentation  1 

TG  was  a  12-year-old  boy  with  Down's  Syn- 
drome, admitted  following  a  1-week  history  of  gas- 
troenteritis. His  past  medical  history  was  remark- 
able for  episodes  of  absence  seizures  (petite  mal) 
diagnosed  at  6  months  of  age,  insulin-dependent 
diabetes  mellitus  presenting  at  I  year  of  age,  and 
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hypothyroidism.  The  patient  had  experienced  fre- 
quent hospitalizations  for  croup,  intractable  dia- 
betes, congestive  heart  failure,  and  pulmonary  ede- 
ma. 

When  the  boy  was  admitted  to  the  University  of 
Michigan  Pediatric  Intensive  Care  Unit  (PICU),  ex- 
amination revealed  a  child  with  the  stigmata  of 
Down's  Syndrome  who  was  small  for  his  age.  He 
was  pale,  afebrile,  and  in  respiratory  distress.  The 
physical  examination  revealed  bilateral  periorbital 
edema  and  diminished  bilateral  coarse  breath 
sounds  on  auscultation.  The  liver  was  palpable  5 
cm  below  the  right  costal  margin.  Cardiovascular 
examination  was  normal,  and  an  echocardiogram 
demonstrated  normal  cardiac  anatomy,  without  ev- 
idence of  pulmonary  artery  hypertension. 

Important  laboratory  findings  included  albumin 
2.2  g/dL  (normal  range  3.5-4.5  g/dL).  serum  creati- 
nine 2.0  mg/dL  (0.4-0.6  ing/dL).  potassium  5.6 
mEq/L  (3.6-5.5  mEq/L),  and  blood  urea  nitrogen 
16  mg/dL  (5-20  mg/dL).  Urinalysis  revealed  \  + 
proteinuria  with  a  specific  gravity  of  1.030.  The 
chest  radiograph  was  consistent  with  pulmonary 
edema. 

Endotracheal  intubation  and  mechanical  ventila- 
tion were  instituted  with  moderate  levels  of  PEEP 
(6-8  cm  H2O)  until  Day  17  when  he  was  extubated. 
On  Day  18,  his  clinical  condition  deteriorated.  A 
chest  radiograph  demonstrated  a  right  lower-lobe 
infiltrate  with  loss  of  lung  volume  in  the  right  low- 
er lung  (Fig.  lA).  Arterial  blood  gas  (ABG)  values 
on  a  fractional  concentration  of  delivered  oxygen 
(FDO2)  of  0.98  by  face  mask  showed  a  pH  7.44. 
PaC02  43  torr,  PaO:  46  torr,  and  arterial  oxyhemo- 
globin saturation  (SaO:)  83%.  The  prospect  of  a 
protracted  illness  and  prolonged  course  of  endo- 
tracheal intubation  prompted  the  trial  of  non- 
invasive (nasal  mask)  bi-level  positive  airway  pres- 
sure ventilation  in  the  spontaneous  mode.  The 
initial  settings  were  12  cm  H^O  IPAP  and  6  cm 
H2O  EPAP,  giving  a  'pressure  boost'  of  6  cm  H^O 
(IPAP  -  EPAP).  Marked  clinical  improvements  in 
the  patient's  condition  were  observed  (Fig.  IB). 
ABG  values  were  pH  7.41,  Paco:  45  torr,  PaO:  68 
torr,  and  SaO:  93%.  The  airway  pressures  and  oxy- 
gen concentrations  were  gradually  reduced  (Fdo:  = 
0.35)  with  SaO:  maintained  at  >  90%.  The  oxygen 
concentration  provided  by  the  device  (Fdo:)  was 
then  reduced  to  0.21,  and  on  Day  21  the  patient 


was  placed  on  oxygen  by  nasal  cannula  at  2  L/min. 
ABG  values  were  pH  7.42,  PaCO:  45  torr,  PaO:  65 
ton,  and  SaO:  91%. 


Fig.  1A.  Chest  radiograph  (anteroposterior,  or  A-P,  view) 
of  12-year-old  boy  (Case  1)  demonstrates  a  right  lower- 
lobe  infiltrate  and  diminished  lung  volumes  consistent 
with  atelectasis. 


Fig.  IB.  Chest  radiograph  of  the  same  12-year-old  boy 
on  Day  2  after  institution  of  bi-level  positive  airway  pres- 
sure. Findings  are  consistent  with  lung  re-expansion. 

On  Day  25,  oxygen  requirements  again  in- 
creased. The  chest  radiograph  revealed  diffuse, 
tluffy    interstitial    infiltrates    (Fig.    2A).    Hemo- 
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Fig.  2A.  Chest  radiograph  (A-P  view)  of  same  12-year- 
old  boy  tal<en  on  Day  25  reveals  diffuse  interstitial  mark- 
ings. Oxygen  requirements  had  increased  after  4  days  of 
spontaneous  breathing  without  ventilatory  support. 


Fig.  3A.  Chest  radiograph  (A-P  view)  of  the  same  12- 
year-old  boy  taken  on  Day  42  after  a  period  of  spontane- 
ous breathing  reveals  diminished  lung  volume  of  the  left 
lower  lung. 


Fig.  2B.  Repeat  radiograph  of  same  12-year-old  boy  tak- 
en after  24  hours  on  bi-level  positive  airway  pressure 
ventilation  and  the  administration  of  diuretics.  Improve- 
ment can  be  seen. 


Fig.  3B.  Chest  radiograph  of  the  same  12-year-old  boy 
on  Day  44  after  2  days  of  bi-level  positive  airway  pres- 
sure ventilation.  Re-expansion  of  the  lung  can  be  seen. 


dynamic  measurements  indicated  a  pulmonary  cap- 
illary wedge  pressure  of  14  mm  Hg  with  a  cardiac 
index  of  4.5  L-min"'  •  m"-.  Noninvasive  bi-level 
positive-pressure  ventilation  with  supplemental  oxy- 
gen was  reinstituted  for  3  more  days  and  diuretics 
were   administered.   The   patient's   condition   im- 


proved, and  a  chest  radiograph  taken  after  24  hours 
of  noninvasive  positive-pressure  ventilation 
showed  remarkable  improvement  (Fig.  2B).  The 
patient's  respiratory  status  continued  to  improve 
during  the  next  week.  On  Day  42,  during  un- 
assisted spontaneous  breathing,  the  patient  experi- 
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enced  another  episode  of  respiratory  distress  ac- 
companied by  tachypnea,  tachycardia,  and  rest- 
lessness. A  chest  radiograph  revealed  atelectasis  of 
the  lower  left  lung  (Fig.  3A).  Noninvasive  ventila- 
tion was  reinstituted,  and  ABG  values  on  Fdo:  0-55 
were  pH  7.44,  Paco:  24  ton",  PaO:  38  torr,  and  SaO: 
76%.  The  IPAP  was  increased  from  18  to  20  cm 
H2O,  and  the  EPAP  was  maintained  at  8  cm  HiO. 
ABG  values  were  pH  7.43,  Paco:  33  torr,  PaO:  96 
torr,  and  SaO:  98%.  After  2  more  days  of  non- 
invasive positive-pressure  ventilation,  the  patient 
was  weaned  to  a  face  mask  (Fdo2  =  0.28).  The 
chest  radiograph  on  Day  44  showed  marked  im- 
provement (Fig.  3B).  The  patient's  pulmonary  con- 
dition remained  stable  thereafter;  however,  he  later 
succumbed  to  postoperative  complications. 

Case  Presentation  2 

RB  was  a  12-year-old  boy  with  acute  T-cell  lym- 
phoblastic leukemia  who  presented  to  the  Emer- 
gency Department  of  Mott  Children's  Hospital  at 
the  University  of  Michigan  with  a  2-day  history  of 
nausea,  vomiting,  diarrhea,  and  fever.  He  had  re- 
cently completed  a  course  of  chemotherapy  that  in- 
cluded cytosine-arabinoside  and  L-aspariginase. 
On  admission,  the  child  required  vigorous  volume 
resuscitation  and  was  placed  on  broad  spectrum  an- 
timicrobial drugs.  He  was  subsequently  transferred 
to  the  PICU  on  Day  7. 

Physical  evaluation  was  remarkable  for  acute 
respiratory  distress  and  fever.  Vital  signs  included 
a  temperature  of  39.3°C,  pulse  rate  150/min,  and 
respiratory  rate  of  50/min.  Blood  pressure  with  a 
dopamine  infusion  (5  fjg  ■  kg^'  •  min"')  was  130/80 
mm  Hg.  Breath  sounds  were  diminished  bilaterally, 
especially  over  the  right  lower-lung  field.  The  chest 
radiograph  was  remarkable  for  a  right  lower-lobe 
infiltrate  with  diminished  lung  volumes  and  a  dif- 
fuse, fluffy  infiltrate  bilaterally.  His  SaO:  was  80% 
while  breathing  60%  oxygen. 

Laboratory  results  included  a  potassium  of  2.9 
mEq/L  (normal  values  3.6-5.5  mEq/L),  bicarbonate 
of  15  mEq/L  (22-25  mEq/L),  blood  urea  nitrogen 
of  13  mg/dL  (5-20  mg/dL),  and  creatinine  of  1.2 
mg/dL  (0.4-0.6  mg/dL).  Serum  albumin  was  2.5  g/ 
dL  (3.5-4.5  g/dL).  The  absolute  neutrophil  count 
was  200/mm-''  (2.3-7.23/mnr'').  A  blood  culture 
grew  Streptococcus  mitis. 


SaO:  was  64%  with  a  Pa02  of  32  torr  while  on  a 
face  mask  at  Fdo:  =  0.60.  The  patient  was  begun 
on  noninvasive  positive-pressure  ventilation  due  to 
increasing  oxygen  requirements  and  tachypnea. 
The  initial  settings  were  Fdo:  0.28,  IPAP  14  cm 
HiO,  and  EPAP  6  cm  HiO,  giving  a  pressure  boost 
of  8  cm  H:0.  ABG  values  were  pH  of  7.48,  PaCO: 
24  torr,  PaO:  68  torr,  and  SaO:  95%.  On  Day  8,  fib- 
eroptic bronchoscopy  was  performed.  Bronchial 
washings  gave  no  evidence  of  bacterial,  fungal,  or 
parasitic  infection.  Clinical  examination  was  re- 
markable for  basal  crackles,  diffuse  wheezing,  and 
a  weight  increase  of  2  kg.  Chest  radiograph  re- 
vealed increased  alveolar  markings.  A  cardio- 
vascular examination  including  echocardiogram 
was  normal.  Furosemide  and  chlorothiazide  were 
given  intravenously.  The  IPAP  was  increased  from 
14  to  16  cm  H.O,  and  the  EPAP  from  6  to  8  cm 
HiO  (pressure  boost  of  8  cm  HiO).  ABG  values 
with  Fdo2  =  0.45  were  pH  7.49,  Paco:  32  torr,  PaO: 
79  torr,  and  Sa02  96%. 

On  Day  10,  granulocyte  colony  stimulating  fac- 
tor was  administered.  The  patient  was  febrile  (tem- 
perature 40°C)  with  a  respiratory  rate  of  37/min. 
The  positive-pressure  nasal  mask  was  temporarily 
removed  and  oxyhemoglobin  saturation  as  meas- 
ured by  pulse  oximetry  (SpO:)  decreased  to  85% 
but  returned  to  95%>  when  positive  pressure  ventila- 
tion was  resumed.  ABG  values  on  50%  were  pH 

7.48,  PaC02  35  torr,  PaO:  1 16  torr,  and  Sa02  99%. 
On  Day  12  the  patient's  respiratory  status  im- 
proved. The  chest  radiograph  was  consistent  with 
increased  lung  volume  and  diminished  interstitial 
markings.  The  patient  was  comfortable  and  in  no 
distress.  Airway  pressure  settings  remained  at  16 
cm  H2O  IPAP  and  8  cm  H.O  EPAP  on  Fpo:  of 
0.40,  with  Sa02  ranging  from  93-97%.  The  absolute 
neutrophil  count  increased  to  800/mm  .  On  Day  13. 
the  airway  pressures  were  reduced  to  IPAP  of  14 
cm  HiO  and  EPAP  6  cm  H2O.  Fd02  was  main- 
tained at  0.40.  ABG  values  at  this  setting  were  pH 

7.49,  PaCO:  23  torr,  Pa02  109  torr,  and  SaO:  99%. 
Noninvasive   positive-pressure   ventilation   was 

discontinued  on  Day  14,  and  the  child  was  placed 
on  a  30%  oxygen  face  mask.  ABG  values  were  pH 
7.51,  Paco:  23  torr,  PaO:  55  torr.  and  SaO:  92%.  The 
chest  radiograph  suggested  improved  lung  vol- 
umes, and  the  absolute  neutrophil  count  was  2,000/ 
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mm\  The  patient  was  discharged  to  the  Hem- 
atology/Oncology  Service  with  oxygen  by  face 
mask  (Fdo2  =  0.30)  with  Sp02  greater  than  95%. 
He  was  subsequently  discharged  to  his  home. 

Discussion 

These  cases  illustrate  the  successful  application 
of  noninvasive,  pressure-limited  ventilation  via  a 
nasal  mask  in  two  children  with  acute  respiratory 
failure.  Several  authors'^"^  have  described  the  use  of 
noninvasive  positive-pressure  ventilation  (NIPPY) 
through  a  nasal  mask  in  adults,  but  we  have  found 
no  information  regarding  its  applicability  to  chil- 
dren. The  adult  series  describe  patients  with  neuro- 
muscular disease,  acute  exacerbation  of  chronic  ob- 
structive pulmonary  disease,  and  hypoxemic  respi- 
ratory failure  of  various  etiologies.  In  these  cases, 
nasal  intermittent  positive-pressure  ventilation  was 
used  in  conjunction  with  a  system  similar  to  the 
one  that  we  used  or  with  a  conventional  ventilator. 
Pennock  et  al-  reported  a  76%  success  avoiding  in- 
tubation and  conventional  ventilation  (22/29  pa- 
tients) in  the  treatment  of  acute  respiratory  failure 
in  patients  who  had  not  improved  after  diuresis, 
supplemental  oxygen  administration,  and  the  use  of 
bronchodilators.  All  patients  were  judged  to  require 
endotracheal  intubation  and  mechanical  ventilation 
at  the  beginning  of  the  study.  Waldhom''"*  reported 
the  use  of  positive  pressure  (IPAP  and  EPAP)  non- 
invasively  in  the  successful  management  of  8  adult 
patients  with  hypoventilatory  respiratory  failure 
and  nocturnal  hypercarbia;  four  of  these  patients 
had  obesity  hypoventilation  syndrome,  whereas  the 
remainder  had  neuromuscular  disease. 

Similar  results  were  reported  by  Pennock  et  al,^ 
Elliot  et  al,^  and  Wysocki  et  al.^  Their  patients  con- 
sisted of  adults  with  acute  respiratory  failure  of  var- 
ious etiologies,  including  neuromuscular  disease 
and  atelectasis.  Wysocki  described  NIPPV  in  con- 
junction with  a  Puritan-Bennett  7200  ventilator 
(Puritan-Bennett,  Carlsbad  CA)  set  in  a  pressure 
support  mode.  Ellis  et  al**  described  the  use  of  inter- 
mittent positive  pressure  ventilation  via  a  nasal 
mask  in  the  treatment  of  hypoventilatory  res- 
piratory failure  in  a  6-year-old  girl.  Positive  pres- 
sure was  delivered  intermittently  at  inspiration  with 
an  LP  3  ventilator  (Lifecare,  Lafayette  CO).  Bach 
et  al'^  also  used  intermittent  positive  pressure  via  a 


nasal  mask  with  a  portable  home  ventilator  in  two 
adult  patients  with  respiratory  insufficiency  re- 
sulting from  neuromuscular  disease. 

Bersten  et  al'°  applied  continuous  positive  air- 
way pressure  (CPAP)  using  a  nasal  mask  in  the 
management  of  19  adult  patients  with  acute  car- 
diogenic pulmonary  edema.  This  mode  of  ventila- 
tion produced  rapid  improvement  in  respiratory 
rate,  acidemia,  and  oxygenation.  Suter  and  Kobel" 
reported  similar  success  in  adults  with  respiratory 
failure  but  cautioned  that  respiratory  failure  as  a  re- 
sult of  sepsis,  intrinsic  lung  disease,  and  heart  fail- 
ure may  not  be  amenable  to  treatment  with  CPAP, 
the  latter  being  of  value  only  in  postoperative  or 
post-traumatic  pulmonary  dysfunction.  Williamson 
and  Modell'-  described  the  case  of  a  30-year-old 
with  postoperative  atelectasis  who  was  successfully 
managed  with  CPAP  applied  intermittently  with  a 
face  mask.  However,  the  data  by  Bersten  et  al'°and 
Meduri  et  al'"*  demonstrate  that  CPAP  can  be  used 
in  patients  with  intrinsic  lung  disease.  Four  of  the 
10  patients  in  Meduri  et  al's  report'^  had  acute  hy- 
poxemic respiratory  failure  from  a  primary  lung 
disease,  whereas  Bersten' s  data  included  19  adults 
with  cardiogenic  pulmonary  edema.  The  review  by 
Branson  et  al  describes  this  technique  and  its  ap- 
plication.'"* 

We  believe,  based  on  our  experience  with  these 
two  patients,  that  use  of  bi-level  positive  pressure 
ventilation  via  mask  in  children  with  acute  res- 
piratory failure  may  reduce  the  need  for  invasive 
mechanical  ventilation.  The  response  of  our  pa- 
tients was  similar  to  results  in  the  adult  studies  cit- 
ed despite  differences  in  age.  Although  we  alternat- 
ed inspiratory  and  expiratory  assistance  (IPAP  and 
EPAP),  some  clinicians''^  have  applied  inspiratory 
assistance  either  continuously  or  periodically  using 
a  face  mask  and  conventional  ventilator.  Others" 
applied  CPAP  using  an  underwater  seal  or  a  10-cm 
H2O  valve.'"  Unlike  CPAP  alone,  positive  pressure 
at  different  levels  on  inspiration  and  expiration  pro- 
vides a  theoretical  advantage  in  that  the  work  of  in- 
spiration is  assisted  by  providing  pressure-support 
ventilation.  CPAP  systems  can  fail  to  provide  suf- 
ficient flow  or  steady  pressure,  particularly  with 
high  levels  of  inspired  oxygen*  and  also  CPAP  may 
result  in  more  hemodynamic  compromise  than 
EPAP.'^ 
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Our  first  patient  (Case  i)  required  IPAP  in  the 
range  of  12-20  cm  H^O  and  an  EPAP  in  the  range 
of  6-8  cm  HiO  to  reverse  the  respiratory  failure;  the 
second  patient  (Case  2)  required  IPAP  in  the  range 
of  10-16  cm  H.O  and  an  EPAP  in  the  range  of  4-8 
cm  H^O  during  treatment  of  respiratory  failure. 
These  settings  gave  our  patients  pressure  support 
sufficient  to  ensure  adequate  gas  exchange.  The  de- 
livered tidal  volume  on  positive  pressure  at  two 
levels  depends  on  the  pressure  boost,  airway  resis- 
tance, lung  compliance,  and  inspiratory  time, 
which,  in  the  spontaneous  mode  is  determined  by 
the  patient.'^'  Our  patients  did  not  require  more  than 
a  6-12  cm  H2O  pressure  boost  to  deliver  adequate 
tidal  volumes. 

The  etiology  of  pulmonary  edema  and  atelecta- 
sis in  the  first  patient  is  unclear.  Patients  with 
Down's  Syndrome  are  hypotonic  and  suffer  from 
obstructive  sleep  apnea  and  nocturnal  hypoxia, 
which  if  prolonged  can  result  in  cor  pulmonale  and 
pulmonary  hypertension.'''  Patients  in  the  re- 
cumbent position  have  a  low  FRC  and  increased 
closing  volume,  and  are  prone  to  atelectasis.  Elliot 
et  al^  demonstrated  that  EPAP  can  increase  FRC 
and  reduce  a  tendency  to  atelectasis  in  patients  with 
neuromuscular  disease.  Small  atelectatic  areas  may 
be  recruited  with  application  of  EP.AP,  minimizing 
ventilation-perfusion  mismatch  and  improving  oxy- 
genation. 

The  need  for  prolonged  endotracheal  intubation 
and  mechanical  ventilation  in  neutropenic  patients 
with  hematologic  malignancies  has  been  associated 
with  a  poor  outcome,"*  -"  perhaps  in  part  because  of 
the  increased  vulnerability  of  the  immunocom- 
promised patient  to  infection  associated  with  in- 
tubation and  ventilation.  Invasive  mechanical  ven- 
tilation was  avoided  in  the  patient  with  leukemia 
and  neutropenia  (Case  2)  through  the  application  of 
bi-level  positive  airway  pressure  with  a  nasal  mask. 

Adult  patients  receiving  NIPPV  have  reported 
subjective  improvement  in  dyspnea,  coupled  with 
improvement  in  measurable  indices  of  respiratory 
function  such  as  respiratory  rate,  tidal  volume, 
ABG  values,  and  SaO:.'"''  Carrey-'  demonstrated 
that  improvement  of  respiratory  indices  during  na- 
sal mask  ventilation  is  caused  by  the  reduction  in 
inspiratory  muscle  energy  expenditure.  He  reported 
a  suppression  of  phasic  electromyographic  activity 
of  the  diaphragm  and  parasternal  muscles,  as  well 
as  the  development  of  positive  inspiratory  pressure 


deflections  with  the  initiation  of  NIPPV  in  patients 
with  acute  respiratory  insufficiency.  This  suggests 
that  nasal  mask  ventilation  with  IPAP  and  EPAP 
can  reduce  energy  cost  of  breathing  in  respiratory 
failure  in  a  way  comparable  to  that  observed  in  pa- 
tients on  conventional  mechanical  ventilation,  by 
resting  the  respiratory  muscles.  Hill  et  al,--  using 
positive  pressure  ventilation  in  the  treatment  of 
nocturnal  hypoventilation  and  hypercarbia  in  adults 
with  neuromu.scular  disease,  postulated  that  im- 
provement in  gas  exchange  is  the  result  of  ameli- 
oration of  nocturnal  hypoventilation  and  the  even- 
tual reversal  of  the  "central  fatigue"  that  blunts 
central  respiratory  .sensitivity  to  carbon  dioxide  re- 
tention. The  amelioration  of  tachycardia  and  ta- 
chypnea and  the  reduction  in  the  use  of  accessory 
muscles  of  respiration  seen  in  our  patients  fol- 
lowing institution  of  noninvasive  positive-pressure 
ventilation  is  more  likely  the  result  of  respiratory 
muscle  rest  than  of  resetting  of  the  central  res- 
piratory mechanism  because  chronic  hypercarbia 
was  not  a  problem  in  these  cases. 

Intolerance  of  nasal  mask  ventilation  was  not  a 
problem  in  our  patients.  The  reasons  for  failing 
noninvasive  positive-pressure  ventilation  in  Pen- 
nock  et  aFs  report''  included  failure  to  tolerate  the 
mask,  confused  and  combative  patients,  failure  to 
relieve  hypoxemia,  and  the  presence  of  excessive 
secretions.  In  addition,  the  patient  should  be  evalu- 
ated for  adequacy  of  cough  and  gag  reflexes  to 
minimize  the  potential  for  aspiration  while  on  mask 
ventilation.  Our  first  patient  (Case  I )  wore  the 
mask  continuously  on  each  occasion  for  an  average 
of  3.5  days.  Excoriation  of  the  skin  on  his  face  was 
observed,  a  problem  similar  to  that  reported  by 
Pennock  et  al.-  This  problem  can  be  ameliorated  by 
applying  a  patch  of  wound  care  dressing  to  the  na- 
sal bridge  before  instituting  the  mask,  as  suggested 
by  Pennock  et  al."  Periodic  examination  of  the  face 
for  excoriation  was  done  in  the  second  patient 
(Case  2),  based  on  our  experience  with  the  first. 
Bach-^  remarked  that  excoriation  of  the  nasal  skin 
should  not  be  regarded  as  an  impediment  to  the  use 
of  nasal  mask  ventilation  because  there  are  com- 
mercially available  interfaces  (Sefam  Mask,  Life- 
care,  Lafayette  CO)  that  are  effective  and  con- 
venient for  the  entire  spectrum  of  bi-level  positive 
airway  pressure.  CPAP,  and  nasal  intermittent  pos- 
itive pressure  ventilation  applications. 


RESPIRATORY  CARE  •  OCTOBER  '93  Vol  38  No  10 


1097 


NONINVASIVE  VENTILATION:  CASE  REPORTS 


Endotracheal  intubation  with  its  attendant  risi<;  of 
increased  morbidity  was  avoided  in  the  second  pa- 
tient (Case  2)  under  clinical  circumstances  that  oth- 
erwise would  have  made  intubation  inevitable.  In 
the  first  patient  (Case  1 ).  reintubation  after  an  in- 
itial 2  weeks  of  endotracheal  intubation  was  avoid- 
ed. Apart  from  these  advantages,  we  cannot  con- 
clude that  noninvasive  bi-level  positive  pressure 
ventilation  is  superior  to  endotracheal  intubation 
and  conventional  mechanical  ventilation.  Although 
its  use  is  well  established  and  described  in  adults, 
more  controlled  clinical  studies  are  required  in  the 
pediatric  population  before  widespread  use  can  be 
recommended  for  pediatric  patients  in  acute  res- 
piratory failure. 
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Retrospectroscope  Redux: 


How  To  Make  Hasenpfeffer 


In  July  1974,  Congress  amended  the  Public 
Health  Service  Act  to  establish  National  Research 
Service  Awards.  In  this  1974  "National  Research 
Act,"  Congress  declared  that  "the  success  and  con- 
tinued viability  of  the  Federal  biomedical  and  be- 
havioral research  effort  depends  on  the  availability 
of  excellent  scientists  and  a  network  of  institutions 
of  excellence  capable  of  producing  superior  re- 
search personnel."  In  short,  Congress  re-established 
NIH  Research  Fellowships  and  Research  Training 
Programs.  But  with  an  important  change — it  asked 
the  National  Academy  of  Sciences  to  determine, 
year  by  year,  the  nation's  over-all  need  for  bio- 
medical personnel,  the  subject  areas  in  which  re- 
search personnel  are  needed,  and  the  number  of 
personnel  needed  in  each  area.  Congress  also  in- 
structed the  Secretary  of  HEW  to  make  Fellowship 
and  Training  Awards  to  fill  only  these  documented 
needs. 

This  seems  to  make  sense.  Until  1975,  the  num- 
ber of  Research  Fellowships  and  Traineeships  was 
determined  by  the  law  of  supply  and  demand:  supply 
for  the  most  part  meant  how  much  money  Congress 
appropriated  and  the  National  Institutes  of  Health 
allocated  for  training  awards  (and  for  research  of 
newly  trained  scientists),  and  demand  meant  how 
many  young  men  and  women  wanted  a  full-time  or 
part-time  career  in  medical  research.  Now  the  num- 
ber trained  will  be  determined  by  national  need. 
For  example,  what  needs  to  be  decided  for  the 
lungs  is  what  problems  remain  to  be  solved,  the  ur- 
gency of  each,  and  how  many  scientists  with  what 
special  training  are  needed  to  solve  them.  Then 
Congress  will  appropriate  enough  dollars  to  train 
the  precise  number  of  the  right  kinds  of  scientists, 
and  the  right  kinds  of  young  men  and  women  will 
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apply,  be  selected  for  research  training,  enter  the 
training  pipelines,  come  out  in  three  to  five  years, 
and  start  turning  out  the  right  answers. 

Now  of  course  it  isn't  this  simple.  Every  branch  of 
medicine  will  want  all  of  its  problems  solved  all  at 
once  and  there  won't  be  enough  dollars  for  trainee 
stipends  or  enough  qualified  candidates,  enough 
trainers  for  the  trainees,  enough  laboratories  for 
them  to  work  in,  or  enough  research  dollars  in 
three  or  four  years  to  pay  for  their  research  once 
they  are  established,  independent  scientists!  And 
anyone  who's  been  in  the  research  business  very 
long  knows  that  not  every  trainee  who  looks  good  in 
the  interview  ought  to  do  research  at  the  end  of  his 
or  her  traineeship;  indeed,  one  of  the  main  pur- 
poses of  putting  people  to  work  as  research  trainees 
is  to  see  who's  likely  to  succeed  and  who's  not.  So 
that  means  feeding  more  trainees  into  training  pro- 
grams that  will  be  suited  for  research  careers  and 
likely  to  siuTive  in  the  competition  for  research  dol- 
lars. And  the  selection  of  the  right  number  of  train- 
ees also  depends  on  how  many  who  are  now  in  the 
research  business  retire,  or  die,  or  become  deans. 

I  suppose  all  these  problems  that  relate  to  num- 
bers can  be  fed  into  computers  and  solved.  But  how 
do  we  get  the  right  people  to  work  on  the  right 
problems?  Here  the  Retrospectroscope  should  tell 
us  how  to  go  about  it.  All  we  need  to  do  is  to  iden- 
tify 500  or  1,000  scientists  who  are  already  accepted 
as  "superior  research  personnel,"  look  into  our 
Scope  and  see  how  they  connected  with  the  "right" 
field,  i.e.,  that  in  which  they  made  their  important 
contribution.  I've  just  completed  step  one  of  a  pilot 
run.  My  plan  couldn't  be  simpler:  I  said,  "I'll  collect 
the  list  of  publications  of  some  scientists  who  are 
highly  regarded  for  their  contributions  to  pulmo- 
nary or  respiratory  science  and  see  how  they  en- 
tered scientific  research.  The  easiest  way  to  learn 
how  they  began  is  to  read  the  first  published  sci- 
entific paper  of  each;  I'll  then  know  how  to  start  the 
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Table  1 .  Titles  of  the  First  Published  Scientific  Article  of  Forty-Three  Scientists  Whose  Names  Appear  Alphabetically  in  Ta- 
ble 2. 

1 .  Hereditary  elliptocytosis  associated  with  increased  hemolysis. 

2.  The  gaseous  metabolism  of  the  submaxillary  gland. 

3.  Intrapulmonary  mixing  of  helium  in  health  and  in  emphysema. 

4.  The  action  of  ouabain  (G-strophanthin)  on  the  circulation  in  man,  and  a  comparison  with  digoxin. 

5.  Factors  promoting  venous  return  from  the  arm  in  man. 

6.  Blood  coagulation  in  haemorrhagic  diseases. 

7.  The  effect  of  testosterone  proprionate  on  the  arginase  content  of  the  liver,  kidney,  and  intestine. 

8.  Metabolism  of  leucocytes  taken  from  peripheral  blood  of  leukemic  patients. 

9.  Les  variations  du  sucre  sanguin  a  la  suite  de  I'injection  intraveineuse  de  novarsenobenzol. 

10.  The  respiratory  rate  and  ventilation  in  the  newborn  baby. 

1 1 .  The  vaso-dilator  action  of  potassium. 

12.  Syndrome  de  Looser,  osteopathie  de  famine  et  osteomalacie. 

13.  Experimental  studies  on  heteroplastic  bone  formation. 

14.  Fatty  acid  components  in  the  unfertilized  egg  of  arbacia  punctulata. 

15.  Ueber  die  Bildung  von  Oxyden  mehrwertiger  Metalle  aus  ihren  Hydroxyden. 

16.  Gas  stores  of  the  body  and  the  unsteady  state. 

17.  Salt  antagonism  in  gelatine. 

18.  The  medical  use  of  thiocyanates  in  the  treatment  of  arterial  hypertension. 

19.  The  measurement  of  intraesophageal  pressure  and  its  r    ationship  to  intrathoracic  pressure. 

20.  The  relation  of  philosophy  to  science. 

21 .  On  the  morphology  and  mitosis  of  Trichomonas  buccalls. 

22.  Pathogenesis  of  so-called  diffuse  vascular  or  collagen  disease. 

23.  A  propos  d'un  nouveau  filtre  sanguin  a  grand  debit. 

24.  Influence  de  la  teneur  en  calcium  et  en  potassium  du  liquide  cephalo-rachidien  sur  le  systeme  vasomoteur. 

25.  A  note  on  the  papillary  adenoma  of  the  corpus  uteri. 

26.  The  inhibition  of  frostbite  wheals  by  the  iontophoresis  of  anti-histaminic  agents. 

27.  Klebsiella  in  respiratory  disease. 

28.  Effect  of  certain  drugs  and  ions  on  the  oyster  heart. 

29.  The  surface  tension  of  aqueous  solutions  of  dipolar  ions. 

30.  Demonstration  of  apparatus  for  recording  muscle  and  nerve  action  potentials. 

31.  Histochemical  studies  on  the  lens  following  radiation  injury. 

32.  Effect  of  cyanide  on  respiration  of  the  protozoan,  Colpidium  Campylum. 

33.  Endobronchial  tube  :ulosis. 

34.  Structure  and  functivjn  of  placenta  and  corpus  luteum  in  viviparous  snakes. 

35.  Diet  determinations.  A  graphic  method. 

36.  Sulfapyridine  therapy  in  pneumonia:  Discussion  of  apparent  failures  and  complications. 

37.  The  reaction  of  vitamin  A  with  Lieberman-Burchard  reagent. 

38.  Calcium  determination  by  flame  photometry:  method  for  serum,  urine,  and  other  fluids. 

39.  Demonstration  of  anatomy  of  giant  fiber  system  of  squid  by  microinjection. 

40.  Observations  on  the  physiology  of  the  Lepidopteran  heart,  with  special  reference  to  reversal  of  the  beat. 

41 .  Zur  Kenntnis  der  Differenzierungsvorgange  im  Epithel  des  Ductus  cochlearis. 

42.  Measurements  of  the  ventilation-perfusion  ratio  inequality  in  the  lung  by  the  analysis  of  a  single  expirate. 

43.  Ligation  of  inferior  vena  cava. 


next  generation  on  the  right  track.    In  Table  1,  I  ve 

,,      ^     ,  ^1         .,  ^    ,     '  .    ,  11-111  *This  list  i.s  111)1  inti'iided  to  n-prcstiit  inv  Roll  ol  H( i  cirll.ill 

collected  the  titles  of  the  first  article.s  published  by  r  „         .        , 

,„        .         .            ,                                      1.         ■      ■    ,     ■       .      ■■  of  Fame  .since  llii.s  would  include  a  lumdrcd  or  nioie  uaincs. 

4.i  scientists  whose  names  are  listed  alphabetically  ,.  ,.     ,       ,              .    ,    ■      ■       , 

.                                     '                        ^  Mv  list  does,  however,  include  a  broad  sample:  it  contains  some 

in    labie  Z*   (along  with  a  few  words  identifying  ■  .      ■  .        j-     ■                  ■     ■                             ,    i    ■ 

.                           °            _                                                  /      o  internists,  pediatricians,  anesthetists,  anatomists,  pathologists, 

each  with  one  or  more  fields  of  piilmonan'  or  re.s-  i    •  i    ■  .      i            i    ■  .    u-     u    ■  ■  .    u-                  ,■ 

'                      '  physiologists,  pharmacologists,  biophysicists,  bioengineers,  four 

piratoiy  research).  ^,^..^1^^,  ^^^.^^  1^,,,^^.!  ia,„.j.a,es  (^„^  ^„^f.  othp^  ^yl,„  .,!„,  df. 

Let's  look  at  the  titles  in  Table   1.  Only  seven  of  ,encd  to  be),  the  NHLl  Director  for  Lung  Diseases,  and  a  few 

the    43    titles    really    deal    with    respiration    or    the  presidents  of  the  American  Thoracic  Society.  Regardless  of  the 

lungs — nine  if  we  consider  respiration  in  the  vei-y  categoiy,  each  Ikis  done  superior  lesearch. 
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Table  2.   Alphabetical  List  of  Scientists;  the  Title  of  the  First  Published  Article  of  Each  Appears  Somewhere  in  Table  1 . 
(Phrases  in  parentheses  refer  to  area  of  best-known  pulmonary  or  respiratory  research  of  each  scientist.) 

1 .  Mary  Ellen  AVERY  (Respiratory  distress  syndrome;  lung  metabolism) 

2.  Joseph  BARCROFT  (Oxygen  and  hemoglobin) 

3.  David  V.  BATES  (Clinical  pulmonary  physiology) 

4.  William  A.  BRISCOE  (Distribution  of  pulmonary  ventilation  and  perfusion) 

5.  E.  J.  Moran  CAIVIPBELL  (Dyspnea;  mechanical  factors  in  breathing) 

6.  Ronald  V.  CHRISTIE  (Emphysema;  elastic  properties  of  lungs;  pulmonary  function) 

7.  Leiand  C.  CLARK  (P02  electrode;  artificial  heart-lung;  artificial  blood) 

8.  John  A.  CLEMENTS  (Pulmonary  surfactant;  respiratory  distress  syndrome) 

9.  Andre  COURNAND  (Intrapulmonary  gas  mixing;  ventilation/perfusion  ratios;  clinical  pulmonary  physiology) 

10.  Kenneth  W.  CROSS  (Respiration  in  newborn  babies) 

11.  Geoffrey  S.  DAWES  (Fetal  and  neonatal  respiration  and  circulation;  chemoreflexes) 

12.  Pierre  DEJOURS  (Chemoreflexes;  regulation  of  breathing;  exercise) 

13.  William  DOCK  (Ventilation  and  blood  flow  to  lung  apices) 

14.  Arthur  B.  DuBOIS  (Body  plethysmograph;  pulmonary  blood  flow  clinical  pulmonary  physiology) 

15.  U.S.  von  EULER  (Hypoxia  and  pulmonary  arteriolar  constriction  regulation  of  breathing) 

16.  Leon  E.  FARHI  (Pulmonary  and  tissue  gas  exchange) 

17.  Wallace  O.  FENN  (Pressure-volume  curve;  O2  -  CO2  diagram) 

18.  Robert  E.  FORSTER  (Pulmonary  diffusing  capacity;  rapid  reactions  of  hemoglobin) 

19.  Donald  L.  FRY  (Pressure-volume-air  flow  relationships) 

20.  John  S.  HALDANE  (Carbon  dioxide  and  regulation  of  breathing) 

21 .  H.  Corwin  HINSHAW  (Chemotherapy  of  tuberculosis) 

22.  Jerome  I.  KLEINERMAN  (Experimental  pathology  of  pulmonary  disease;  emphysema) 

23.  Claude  J.  M.  LENFANT  (Comparative  respiratory  physiology;  regulation  of  Hb  -  O2  affinity) 

24.  Isidoor  R.  LEUSEN  (Cerebrospinal  fluid  and  regulation  of  breathing) 

25.  Averill  A.  LIEBOW  (Pulmonary  and  bronchial  circulations;  lung  pathology) 

26.  Jere  MEAD  (Mechanics  of  breathing) 

27.  Jay  A.  NADEL  (Mechanisms  of  ainway  constriction;  tantalum  bronchograms) 

28.  Arthur  B.  OTIS  (Work  of  breathing;  hypoxia;  comparative  physiology) 

29.  John  R.  PAPPENHEIMER  (Cerebrospinal  fluid  and  regulation  of  breathing) 

30.  Richard  E.  PATTLE  (Alveolar  lining  layer  and  surfactant) 

31 .  Solbert  PERMUTT  (Mechanics  of  ventilation  and  of  pulmonary  blood  flow) 

32.  Robert  F.  PITTS  (Organization  of  the  respiratory  centers) 

33.  Donald  F.  PROCTOR  (Upper  and  lower  airways;  air  flow;  pleural  pressure) 

34.  Hermann  RAHN  (Gas  exchange;  inert  gases;  environmental  physiology) 

35.  Dickinson  W.  RICHARDS  (Pulmonary  function;  uneven  alveolar  ventilation;  clinical  pulmonary  physiology) 

36.  Richard  L.  RILEY  (Diffusing  capacity;  ventilation-perfusion  ratios;  airborne  infection) 

37.  Eugene  D.  ROBIN  (Intracellular  acid-base  metabolism  and  gas  exchange;  regulation  of  breathing;  pulmonary  em- 
bolism) 

38.  John  W.  SEVERINGHAUS  (PCO2  electrode;  regulation  of  respiration;  high  altitude  physiology) 

39.  Norman  C.  STAUB  (Pulmonary  capillaries,  lymph  and  edema;  pulmonary  structure-function) 

40.  S.  Marsh  TENNEY  (Adaptations  to  high  altitude;  regulation  of  breathing) 

41 .  Ewald  R.  WEIBEL  (Morphometry  of  the  lung) 

42.  John  B.  WEST  (Uneven  distribution  of  gas  and  blood;  gas  exchange) 

43.  James  L.  WHITTENBERGER  (Artificial  respiration;  mechanics  of  breathing) 

broadest  sense.  But  even  more  astonishing  is  that  in  1975    training    pipeline    (to    meet     1978    national 

only  five  instances  does  the  title  of  the  first  pul>  needs)  would  reject  35  of  the  43  areas  of  research, 

lished  article  deal  with  the  research  area  in  which  And  I  believe  that  a  1975  Congress  would  be  con- 

the   scientist  eventually   made   his   important  con-  cerned  if  the  NHLI  awards  a  future  pulmonaiy  sci- 

tributions!   I   estimate   that  a  National   Committee  entist  a  traineeship  to  study  arbacia  eggs,  the  oyster 

charged  with  selecting  appropriate  research  topics  heart,  viviparous  snakes,  the  squid,  or  the  lepidop- 

for  pulmonary  or  respiratoiy  fellows  going  into  the  teran  heart.  But  since  we're  looking  at  the  genesis 
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of  successful  pulmonaiy  scientists,  there  must  be  a 
lesson  here.  The  lesson  seems  to  be  that  the  first 
step  in  recruiting  a  talented,  creative  scientist  is  to 
get  him  involved  in  science,  in  any  science,  in  any 
field.  (As  Professor  Carl  Schmidt  used  to  say  "In 
making  hasenpfeffer,  the  first  step  is  to  catch  the 
rabbit!")  In  their  first  paper,  only  seven  scientists 
dealt  with  lungs  or  pulmonary  ventilation.  Four 
more  entered  the  field  with  their  second  paper,  an 
additional  ten  by  their  fifth  paper,  another  six  by 
their  tenth  paper,  five  more  by  their  fifteenth,  and 
another  four  by  their  twentieth.  The  other  seven 
came  aboard  after  twenty  or  more  publications  in 
other  fields.  Fenn  had  already  distinguished  himself 
in  two  other  fields  (muscle  contraction  and  po- 
tassium metabolism)  before  he  became  a  pul- 
monary physiologist. 

To  make  manpower  planning  in  specific  areas 
even  more  complex,  only  about  half  of  those  on  my 
list  limited  their  research  to  the  lungs  and  respira- 
tion once  they  entered  the  field.  The  other  half  oc- 
casionally, or  often,  worked  in  other  areas  and  some 
left  the  field  completely.  Fry  now  works  largely  on 
experimental  atherosclerosis.  Pitts,  after  his  classic 
studies  on  the  respiratory  centers,  gained  greater 
fame  as  a  renal  physiologist.  U.S.  von  Euler,  after  his 
very  important  work  on  regulation  of  breathing  and 
the  effects  of  hypoxia  on  the  pulmonary  circulation, 
won  the  Nobel  Prize  for  his  studies  on  nor- 
epinephrine and  then  went  on  to  work  on  pros- 
taglandins. Dickinson  Richards  was  one  of  the  giants 
in  pulmonary  physiology  well  before  he  (with  Cour- 
nand)  won  the  Nobel  Prize  for  cardiovascular  stud- 
ies using  the  cardiac  catheter.  Einthoven  (not  on 
my  list)  did  important  work  on  the  mechanics  of 
breathing  in  1892  before  he  invented  the  electro- 
cardiogram. 

My  pilot  study  is  open  to  many  criticisms:  It  has 
looked  at  only  those  in  the  forefront  of  their  field 
and  not  at  those  equally  needed  in  science  to  con- 
firm and  extend  the  new  discoveries  and  tie  up  the 
loose  ends;  it  has  looked  only  at  those  who  entered 
scientific  careers  in  an  earlier  era;  it  has  not  looked 
at  those  who  tried  their  hand  at  research  and  de- 


cided that  it  was  not  for  them.  BiU  even  more  im- 
portant, this  study  gives  no  inkling  of  why  each  of 
the  43  gave  science  a  try  in  the  first  place,  who  and 
what  made  it  possible  for  him  or  her  to  stay  in  sci- 
ence, and  why  each  initially  or  much  later  decided 
to  work  on  pulmonary  and  respiratory  problems.  I 
know  the  answers  to  these  why's,  who's,  and  what's 
for  my  own  career  (see  Addendum  #  2)  but  not  for 
the  43  scientists  in  Table  2 — even  for  those  whom 
I've  known  well  for  many  years.  Factors  influencing 
career  decisions  and  directions  are  usually  quite 
complex. 

What  can  we  learn  by  this  look  into  the  Ret- 
rospectroscope?  First,  that  it  is  essential  to  get  crea- 
tive young  men  and  women  actually  involved  in  re- 
search. Any  research?  Probably  yes,  because  it  seems 
that  the  first  research  project  is  for  most  young  sci- 
entists a  time  for  deciding  whether  research  is  the 
right  career  choice.  Second,  the  young  scientist 
should  be  encouraged  to  learn  broadly  in  science, 
in  anticipation  of  a  change,  sooner  or  later,  in  his 
research  interests.  And  third,  a  field  looking  for  re- 
search recruits  will  have  no  trouble  attracting  them 
if  there  are  exciting  and  challenging  problems  to  be 
solved. 

Julius  H.  Comroe,  Jr. 


Sorry — I  forgot  to  tell  you  which  scientist  in  Table  2  wiote 
which  article  whose  title  is  in  Table  1.  The  order  is  the 
same  in  both  tables;  Avery  wrote  #  1 ,  Barcroft  #  2,  and  so 
on  down  to  Whittenberger  and  #  43. 

The  title  of  my  first  paper  had  nothing  to  do  with  respira- 
tion or  the  lungs.  It  was  "Further  studies  on  the  phar- 
macology of  acetyl  /-methyl  choline  and  the  ethyl  ether  of 
/■methyl  choline."  I  did  the  work  in  the  summer  vacation 
between  my  second  and  third  years  of  medical  school,  in- 
stead of  spending  the  summer  as  usual  playing  tennis  in 
my  hometown  of  York,  Pennsylvania.  Why?  Because  I  was 
engaged  to  marry  a  Philadelphia  girl  and  I  wanted  to  stay 
in  Philadelphia.  Simple  enough.  The  answer  to  "Why  did  I 
stay  in  science?"  is  more  complex,  as  indeed  I  suspect  it  is 
with  most  of  us. 
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Test  Your 
Radiologic  Skill 


Arrest  following  a  Prolonged  Course  of 
Periodic  Coughing  and  Fever  in  a  Child 

Lynn  M  (Rasmussen)  Sullivan  RRT  and  Robert  M  Kacmarek  PhD  RRT 


A  1 -year-old  boy  was  refeired  to  our  institution 
from  an  outlying  hospital.  The  patient  had  experi- 
enced intermittent  low-grade  fever  with  daily 
coughing  episodes  productive  of  thick  yellow  spu- 
tum for  2-4  months  prior  to  referral.  Three  days  be- 
fore admission,  the  child  had  spiked  a  temperature 
of  101°F,  and  a  chest  radiograph  revealed  a  left- 
lower-lobe  pneumonia.  On  the  morning  of  referral, 
during  a  coughing  episode,  the  child  became  limp 
and  cyanotic.  Upon  arrival  in  the  emergency  ward 
of  the  outlying  hospital,  the  child  demonstrated  ag- 
onal breathing  and  was  intubated.  Marked  dif- 
ficulty was  noted  during  manual  ventilation,  and 
high  peak  inspiratory  pressures  (>  50  cm  H2O) 
were  required  to  adequately  ventilate  him.  Ap- 
proximately 10  min  after  intubation,  the  child  suf- 
fered a  cardiac  arrest,  was  treated  with  appropriate 
drug  therapy,  and  was  transferred  to  our  institution. 

When  he  arrived  at  our  institution,  the  child  was 
being  ventilated  at  rate  50/min,  Vt  150  mL,  Fio: 
0.70,  without  PEEP.  The  child  was  on  intracranial 
pressure  precautions  (attempted  hyperventilation 
and  head  of  bed  raised  45°),  his  pupils  were  fixed 
and  dilated,  his  blood  pressure  was  being  supported 
with  inotropic  agents  (dopamine,  dobutamine),  and 
blood  gas  values  were  PaO:  70  torr  [9.31  kPa], 
Paco2  52  torr  [6.93  kPa],  and  pH  7.29.  Breath 
sounds  were  markedly  decreased  on  the  right,  and 
crackles  were  heard  over  the  entire  left  lung  field. 
A  chest  radiograph  (Fig.  1 )  was  obtained. 


Ms  Sullivan  is  a  Staff  Therapist  and  ECMO  Specialist.  Res- 
piratory Care  Services,  Massachusetts  Genera!  Hospital;  Dr 
Kacmarek  is  Assistant  Professor,  Department  of  Anes- 
thesiology, Harvard  Medical  School,  and  Director,  Respiratory 
Care  Services,  Massachusetts  General  Hospital — Boston.  Mas- 
sachusetts. 


Fig.  1.  Chest  radiograph  from  1 -year-old  boy  taken  on  ar- 
rival from  emergency  ward  of  outlying  hospital.  Patient 
had  suffered  cardiac  arrest  following  a  coughing  episode. 

Questions 

Radiographic  Findings:  How  would  you  interpret 
this  chest  radiograph? 

Possible  Pathophysiology:  What  pathophysiologic 
process  could  account  for  this  piesentation'.' 

Further  Procedures:  What  further  diagnostic  or 
therapeutic  procedures  are  indicated? 

Answers  and  Discussion  on  Next  Page 
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Answers 

Radiographic  Findings:  The  endotracheal  tube  is 
properly  placed  with  the  tip  3.5  cm  above  the  ca- 
rina. There  is  marked  hyperinflation  of  the  right 
lung  and  a  shift  of  the  mediastinum  to  the  left  as  in- 
dicated by  the  heart  shadow  located  left  of  the  ver- 
tebral bodies.  There  is  atelectasis,  collapse,  or  con- 
solidation in  the  left  lower  lobe,  as  indicated  by 
loss  of  the  diaphragm  shadow  on  that  side;  this 
could  be  indicative  of  an  infiltrative  process  such 
as  pneumonia.  The  lingula  also  appears  to  have  a 
small  infiltrate. 

Possible  Pathophysiology:  Considering  the  lengthy 
presentation  and  productive  cough,  the  marked  and 
rapid  deterioration,  and  the  inability  to  ventilate, 
foreign-body  aspiration  should  be  suspected. 

Further  Procedures:  A  bronchoscopy  for  diag- 
nosis and  possible  therapy  should  be  performed. 

Discussion 

Flexible  fiberoptic  bronchoscopy  performed  at 
the  bedside  identified  a  foreign  body  in  the  right 
main-stem  bronchus.  The  child  was  taken  to  the  op- 
erating room  where  a  rigid  bronchoscopy  was  per- 
formed. A  small  piece  of  wood,  believed  to  be  a 
fruit  stem,  was  removed  from  the  right  main-stem 
bronchus  where  a  large  amount  of  exudate  was  ob- 
served. The  left  main-stem  bronchus  was  inflamed, 
with  granulomatous  tissue  present.  It  appeared  that 
the  child  had  aspirated  the  foreign  body  into  the 
left  main-stem  bronchus  and  that  the  foreign  body 
had  remained  there  for  a  lengthy  period  of  time,  re- 
sulting in  obstructive  pneumonia.  On  the  day  of  ad- 
mission, it  is  believed  that  the  child  coughed  the 
foreign  body  out  of  the  left  main-stem  bronchus  but 
it  subsequently  lodged  in  the  right  main-stem  bron- 
chus, limiting  ventilation  to  the  right  lung  and 
necessitating  high  peak  airway  pressure  during  ven- 
tilation. Although  the  foreign  body  was  success- 
fully removed,  with  a  marked  reduction  in  peak  air- 
way pressure,  brain  damage  suffered  during  the 
cardiac  arrest  was  irreversible,  and  the  child  sub- 
sequently died. 


Treatment  of  foreign-body  aspiration  in  the 
small  child  involves  establishing  a  patent  airway 
and  removing  the  foreign  body  with  rigid  bronchos- 
copy under  general  anesthesia  in  the  operating 
room.'  Solid  body  removal  is  generally  uncom- 
plicated if  the  airway  is  stable;  however,  semisoft 
objects  that  tend  to  break  (eg.  peanuts,  beans)  are 
more  difficult  to  remove  because  pieces  tend  to 
break  off  and  travel  peripherally  during  attempted 
removal. 

Symptoms  of  foreign-body  aspiration  are  var- 
iable and  are  affected  by  location  and  type  of  for- 
eign body,  degree  of  obstruction,  and  length  of 
time  between  aspiration  and  presentation.  Organic 
foreign  bodies  are  more  likely  to  cause  an  in- 
flammatory reaction  than  inorganic  ones.'  Partial 
obstruction  caused  by  a  foreign  body  can  become  a 
total  obstruction  when  tissue  edema  develops.  This 
can  shorten  the  asymptomatic  period  experienced 
by  the  patient  and  lead  to  an  earlier  abnormal  phys- 
ical examination  when  compared  to  the  patient 
with  an  inorganic  foreign-body  aspiration.' 

Location  and  degree  of  obstruction  may  also 
vary.  With  complete  obstruction,  no  air  movement 
occurs  distal  to  the  foreign  body.  If  complete  tra- 
cheal obstruction  occurs,  no  breath  sounds  can  be 
heard;  whereas  if  bronchial  obstruction  occurs, 
breath  sounds  are  absent  on  the  affected  side.  A  so- 
called  ball-valve  type  of  obstruction  generally  al- 
lows inspiration;  however,  no  breath  sounds  are 
heard  on  expiration  and  hyperinflation  may  become 
apparent.  Partial  airway  obstruction  generally  pre- 
sents with  wheezing,  cough,  dyspnea,  or  decreased 
breath  sounds  over  the  affected  area. 

Of  the  3,000  deaths  per  year  in  the  U.S  attrib- 
uted to  foreign-body  aspiration,  20%  are  in  chil- 
dren less  than  4  years  old.-  The  diagnosis  of  for- 
eign-body aspiration  is  made  within  24  hours  of  the 
event  in  about  half  of  the  cases,  and  within  3  days 
in  greater  than  9?>%  of  cases.-''  The  complication 
rate  dramatically  increases  if  diagnosis  is  delayed 
beyond  3  days.'  In  about  6.7%  of  the  cases,  the  di- 
agnosis is  made  more  than  30  days  after  the  event.' 
Delay  in  diagnosis  is  frequently  a  result  of  pres- 
entation resembling  more  benign  problems"*  and 
may  lead  to  chronic  complications  such  as  re- 
current   pneumonia,    abscess,    or    bronchiectasis.' 
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Treatment  with  antibiotic  and  steroid  medications 
can  inhibit  reaction  to  the  foreign  body,  leading  to 
a  false  sense  of  security  and  reinforcing  the  fauUy 
diagnosis. -■''  Although  50%  of  children  with  for- 
eign-body aspiration  have  a  history  of  choking  and 
periodic  coughing,  parents  may  not  suspect  for- 
eign-body aspiration  because  children  are  usually 
free  of  symptoms  between  coughing  episodes.''''' 
The  mortality  rate  for  foreign-body  aspiration  is  0- 
2%-''  but  increases  as  time  between  the  event  and  di- 
agnosis increases  and  serious  complications  de- 
velop.'' "^  Death  has  been  reported  when  a  foreign 
body  in  a  main-stem  bronchus  dislodges  and  pro- 
ceeds to  obstruct  the  opposite  bronchus,  as  in  this 
case.*  In  any  child  presenting  with  cough  and 
wheezing,  foreign-body  aspiration  should  be  sus- 
pected.--^ 
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Blood  Gas  Corner 


Blood  Gas  Corner  #31 — 

A  Patient  Presenting  with  Leg  Pain 

and  Shortness  of  Breath 

Joseph  E  Ollivier  RRT 


A  59-year-old  man  presented  with 
acute  dyspnea,  right-side  pleuritic 
chest  pain,  and  blood-tinged  sputum. 
He  stated  that  his  dyspnea  had  pro- 
gressively worsened  over  the  last  3 
or  4  days  and  he  had  suffered  right- 
leg  pain  over  the  24  hours  prior  to 
admission.  His  vital  signs  were  blood 
pressure  134/76.  pulse  128/niin.  and 
respiratory  rate  36  breaths/min.  He 
was  alert,   slightly  diaphoretic   with 


Mr  Ollivier  is  Chief.  Respiratory  Ther- 
apy Department.  Veterans  Administra- 
tion Medical  Center,  Fresno,  California. 


strong  peripheral  pulses,  and  afebrile. 
The  rest  of  the  physical  exam  was 
unremarkable.  A  chest  radiograph  re- 
vealed normal  lung  fields  with  no 
cardiomegaly.  The  results  of  arterial 
blood  gas  analysis,  drawn  while  the 
patient  breathed  room  air,  were  pH 
7.37.  Paco:  10  torr  [1.33  kPa],  Pa02 
49  toiT  [6.53  kPaJ,  HCO,"  6  mEq/L 
[6  mmol/L],  base  excess  -15  mEq/L 
[-15  mmol/L|,  and  Sao:  89%.  Rou- 
tine spirometry  and  EKG  were  essen- 
tially normal.  Other  laboratory  tests, 
including  serum  lactic  acid,  and  re- 
sults of  a  complete  blood  count,  were 
also  within  normal  ranges. 


Study  Questions 

1.  How  would  you  interpret  the  in- 
itial results  of  the  blood  gas  analy- 
sis? 

2.  What  diagnosis  might  explain  this 
patient's  blood  gas  data  and  clinical 
presentation? 

3.  What  other  information  or  diag- 
nostic tools  would  aid  in  the  diag- 
nosis and  management  of  this  pa- 
tient? 

Answers  and  Discussion 
on  Next  Page 
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Answers 

1.  Interpretation.  The  blood  gas  in- 
terpretation has  several  possibilities, 
including  a  fully  compensated  res- 
piratory alkalen  ia,  a  compensated 
metabolic  acidemia,  or  a  combined 
alkalemia-acidemia;  the  oxygen  stat- 
us is  consistent  with  a  moderate-to- 
severe  hypoxemia  with  a  widened 
alveolar-arterial  tension  gradient. 
There  is  an  increase  in  alveolar  ven- 
tilation. When  the  peripheral  chemo- 
receptors  in  the  carotid  bodies  sense 
a  decrease  in  the  partial  pressure  of 
oxygen  in  arterial  blood,  they  are 
stimulated  to  increase  alveolar  ven- 
tilation in  an  attempt  to  increase  the 
PaO:'  The  resulting  high  alveolar 
ventilation  lowers  the  Paco:.  result- 
ing, initially,  in  an  elevated  pH.  To 
compensate,  the  unaffected  system 
restores  pH  to  normal  by  increasing 
renal  excretion  of  bicarbonate,  re- 
taining chloride,  and  reducing  both 
the  formation  of  ammonium  ion 
(NH4~)  and  the  excretion  of  the  sec- 
ond ionization  of  phosphoric  acid 
(HP04-~).  The  resultant  blood  bicar- 
bonate level  brings  the  acid-base  ra- 
tio back  toward  20:1,  thus  normal- 
izing pH.  When  respiratory  alkalosis 
is  compensated,  [HCO,~]  will  have 
decreased  5  mEq/L  [5  mmol/L]  for 
every  10  torr  [1.33  kPa]  decrease  in 

PaC02.' 

In  metabolic  acidosis  (such  as  lac- 
tic acidosis  or  ketoacidosis),  the  ar- 
terial pH  depends  on  the  rate  at 
which  acid  is  being  produced  and  on 
alveolar  ventilation.  As  the  acidosis 
develops,  ventilation  increases  and 
PaCO:  falls.  The  fall  in  PaCO:  creates  a 
reduction  in  normal  chemical  stimuli 
and  inhibits  the  degree  of  ventilatory 
compensation  because  when  CO: 
tension  is  high  the  carotid  bodies  are 
more  sensitive  to  the  partial  pressure 
of  oxygen.  This  sensitivity  is  re- 
versed when  PaC02  is  low.  A  meta- 
bolic acidosis  can  be  of  two  types, 
one  that  is  associated  with  an  in- 
creased anion  gap  and  one  with  a 


normal  anion  gap  (8-16  mEq/L  [8-16 
mmol/L ]).  Anion  gap  has  been  de- 
fined as  the  abnormal  excess  of  neg- 
atively charged  ions  (anions)  in  solu- 
tion— blood.'  However,  an  excess  of 
anions  in  solution  never  really  exists; 
electrical  neutrality  is  maintained. 
The  term  anion  gap  is  one  of  con- 
venience and  is  estimated  by  sub- 
tracting the  sum  of  the  concentra- 
tions of  the  major  anions  (HCOi"  and 
Cl~)  from  the  concentration  of  the 
major  cation  (Na'*'),  that  is 


|Na+ 


([Hco.r]  +  [cr 


Anion  gap  is  usually  caused  by 
the  presence  of  anions,  other  than  bi- 
carbonate, in  large  quantities.  A 
metabolic  acidosis  with  an  increased 
anion  gap  is  associated  with  uremia, 
diabetes,  paraldehyde  poisoning,  lac- 
tic acidosis,  and  methanol,  ethanol, 
and  salicylate  intoxication.  Meta- 
bolic acidosis  with  a  normal  anion 
gap  is  associated  with  diarrhea  and 
acetalzolamide-induced  and  renal- 
tubular  acidoses.-  This  patient  had 
none  of  the  conditions  associated 
with  a  normal  anion  gap. 
2.  Diagnostic  Possibilities.  Many 
diseases  may  cause  alveolar  hyper- 
ventilation. In  all  cases,  the  fall  in 
PaCO:  is  caused  by  three  basic  phys- 
iologic conditions  that  occur  separ- 
ately or  in  combination  with  one  an- 
other: ( I )  an  arterial  oxygen  deficit 
severe  enough  to  stimulate  the  pe- 
ripheral chemoreceptors;  (2)  a  meta- 
bolic acidosis  (such  as  lactic  acidosis 
or  ketoacidosis);  and  (3)  abnormal 
stimulation  of  the  ventilatory  centers 
of  the  central  nervous  system.  In  this 
instance  the  patient's  clinical  pres- 
entation, afebrile  condition,  normal- 
range  serum  lactic  acid,  anion  gap, 
and  chemistry  values  suggest  that  the 
profound  hypoxemia  was  likely  due 
to  pulmonary  embolism. - 

The  most  common  symptoms  of 
pulmonary  embolism  are  chest  pain 
and  dyspnea;  hemoptysis  and  dia- 
phoresis occur  in  up  to  one  third  of 


the  cases.'  Tachypnea  and  tachy- 
cardia are  observed  in  the  majority  of 
patients  with  pulmonary  embolism 
but  may  be  transient.  Other  features 
infrequently  noted  in  patients  with 
pulmonary  embolism  are  fever,  rales, 
wheezing  over  lung  fields,  cardiac 
murmur,  gallop  rhythm,  phlebitis, 
abdominal  pain,  syncope,  and  cyano- 
sis."'-'' The  most  important  informa- 
tion required  to  make  the  diagnosis 
of  pulmonary  embolism  is  the  pres- 
ence of  predisposing  risk  factors  for 
thrombus  formation  (eg,  history  of 
thrombophlebitis,  obesity,  prolonged 
immobilization,  hyperviscosity  syn- 
dromes), particularly  because  these 
patients  may  be  symptom-free.'' 
3.  Other  Information.  Currently  the 
most  commonly  used  procedure  to 
diagnose  pulmonary  embolism  is 
the  ventilation-perfusion  (V/Q)  scan. 
When  clinical  findings  are  sug- 
gestive and  the  lung  scan  shows  a 
high  probability  of  pulmonary  em- 
bolism, the  diagnosis  is  accurate  in 
about  90%  of  cases.'  When  coexist- 
ing lung  disease  prevents  accurate  in- 
terpretation of  "V/Q  scans,  the  pulmo- 
nary angiogram  is  the  accepted  refer- 
ence standard  for  the  diagnosis  of 
pulmonary  embolism.  In  this  proce- 
dure, a  catheter  is  inserted  into  the 
femoral  vein  and  positioned  to  inject 
contrast  material  into  the  pulmonary 
artery.  This  technique  is  used  to 
identify  an  intraluminal  filling  defect 
or  an  interruption  in  blood  flow.'* 

Discussion 

Pulmonary  embolism  is  mechan- 
ical obstruction  of  a  branch  or 
branches  of  the  pulmonary  vascular 
tree.  As  ventilation  continues,  the  re- 
sult is  a  ventilation-to-perfusion  mis- 
match that  may  be  detected  on  a  V/Q 
scan.  Hypoxemia  is  the  clinical  man- 
ifestation of  the  inadequacy  of  the 
other  areas  of  the  lung  to  which 
blood  has  been  shunted.  The  major- 
ity of  emboli  come  from  the  deep 
veins  in  the  pelvis  and  legs.**  Condi- 
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tions  that  predispose  to  thrombus  for- 
mation are  { 1 )  vessel  damage  due  to 
phlebitis,  (2)  hypercoagulation  states, 
and  (3)  blood  flow  abnormalities. 
Primary  hypercoagulation  states  are 
difficult  to  diagnose.  Secondary  ab- 
normalities of  coagulation  and  fib- 
rinolysis include  pregnancy,  ma- 
lignancy, nephrotic  syndrome,  liver 
disease,  and  the  use  of  oral  contra- 
ceptives.'" Blood-flow  abnormalities 
that  contribute  to  thrombus  forma- 
tion include  stasis  and  hypervis- 
cosity. Blood-flow  stasis  may  be  due 
to  obesity  or  prolonged  immobiliza- 
tion. Hyperviscosity  abnormalities 
include  polycythemia,  leukemia,  and 
sickle  cell  disease." 

Heparin  anticoagulation  is  con- 
sidered primary  therapy  for  most  pa- 
tients with  pulmonary  embolism.  In- 
itially it  is  administered  as  a  bolus  of 
100  U/kg  (total  dose  5,000  to  10.000 
U)  followed  by  a  continuous  infusion 
of  800  to  1,000  U/hour.  Activated 
partial  prothrombin  time  should  be 
maintained  at  1.5  to  2.5  times  pub- 
lished normal  values."  Anticoagu- 
lants are  administered  orally  to  pre- 
vent recurrent  thrombus  formation. 
Warfarin,  overlapping  the  heparin 
therapy  by  4  or  5  days,  is  given  oral- 
ly for  at  least  3  months  or  indefi- 
nitely if  risk  factors  such  as  cancer  or 
massive  obesity  have  not  been  re- 
solved. The  target  range  for  the  cor- 
rected prothrombin  time  with  warfar- 
in therapy  is  an  INR  (International 
Normalized  Ratio)  of  2.0  to  3.0.'° 
Definitive  treatment  may  include  (1) 
thrombolytic  therapy  with  strep- 
tokinase, urokinase,  or  tissue  plas- 


minogen activator  to  promote  disso- 
lution of  thrombi  in  those  patients 
with  hypotension  secondary  to  mas- 
sive pulmonary  emboli  or  (2)  pul- 
monary embolectomy  for  patients 
who  remain  in  shock  despite  throm- 
bolytic therapy  and  supportive  care. 
Patients  who  cannot  tolerate  orally 
administered  anticoagulant  therapy 
may  require  a  surgically  placed  in- 
ferior-vena-cava  filter  to  intercept 
emboli  on  their  way  to  the  lung.'- 

In  this  patient,  an  angiogram,  per- 
formed shortly  after  admission,  con- 
firmed the  presence  of  pulmonary 
embolism.  The  patient  was  treated 
with  a  heparin  bolus  of  10,000  U  fol- 
lowed by  a  continuous  infusion  of 
1,000  U/hour.  Warfarin  therapy,  10 
mg  daily,  was  started  4  days  before 
discontinuing  heparin.  This  dose  was 
reduced  to  5  mg/day  at  discharge  and 
continued  for  6  months.  The  patient 
was  monitored  closely  during  this 
period.  He  has  since  been  asymp- 
tomatic and  in  good  health. 
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Guidelines  for  Pulmonary  Re- 
habilitation    Programs,     by     the 

American  Association  of  Cardio- 
vascular and  Pulmonary  Rehabili- 
tation (AACVPR),  edited  by  Geri- 
lynn  Connors  BS  RCP  RRT  and 
Lana  Hilling  RCP.  authored  by  Com- 
mittee Members  C  William  Bell  PhD 
MBA,  Howard  M  Kravetz  MD, 
Kathleen  Morris  RN  MS  RRT.  and 
Andrew  L  Ries  MD.  Softcover,  il- 
lustrated, 141  pages.  Champaign  IL: 
Human  Kinetics,  1993.  $28.00. 

Pulmonary  rehabilitation  is  a 
treatment  modality  involving  a  broad 
range  of  healthcare  professionals.  It 
has  been  defined  as  an  'art'  because 
of  the  need  to  individualize  program 
goals  and  treatment  regimens.  Pul- 
monary rehabilitation  programs  vary 
considerably  in  their  content,  struc- 
ture, and  duration.  For  practical  rea- 
sons, many  programs  emphasize  ex- 
ercise training  only.  Unfortunately, 
this  lack  of  uniformity  has  com- 
promised development  of  the  field  of 
pulmonary  rehabilitation,  making  it 
difficult  to  compare  results  between 
programs.  Guidelines  for  Pulmon- 
ary Rehabilitation  Programs  is  a 
'how-to"  reference  for  healthcare 
professionals  interested  in  develop- 
ing or  enhancing  their  pulmonary  re- 
habilitation programs. 

The  first  section  of  the  book  out- 
lines the  components  of  a  rehabilita- 
tion program,  with  seven  chapters 
covering  selection  and  initial  assess- 
ment of  rehabilitation  candidates,  pa- 
tient training,  exercise  testing  and 
training,  psychosocial  components, 
patient  outcomes,  and  program  man- 
agement. The  chapters  are  written  in 
outline  form  with  limited  text  but  are 
amply  supplemented  with  tables  that 
emphasize  the  important  points;  un- 
fortunately,  the   book    includes   nu- 


merous illustrations  without  legends, 
which  contribute  little  to  the  reader's 
understanding  of  the  subject.  The  ap- 
pendix, the  second  half  of  the  book, 
includes  the  full  reproduction  of  the 
position  paper  of  the  American  As- 
sociation of  Cardiopulmonary  Re- 
habilitation written  by  Andrew  Ries 
MD  and  the  American  Thoracic  So- 
ciety position  paper.  Two  case  stud- 
ies by  the  editors  complete  the  book. 
The  chapters  are  well  referenced; 
furthermore,  the  book  includes  a  de- 
tailed list  of  educational  materials 
and  information  on  how  they  may  be 
obtained. 

Reimbursement  remains  one  of 
the  major  impediments  to  the  de- 
velopment of  pulmonary  rehabili- 
tation. Unfortunately,  the  book  offers 
little  direction  on  how  to  deal  with 
reimbursement  issues.  The  editors 
also  rely  heavily  on  a  small  number 
of  publications.  Specifically,  numer- 
ous tables  are  reproduced  from  the 
book  entitled.  Pulmonary  Rehabil- 
itation: Guidelines  to  Success,  edit- 
ed by  JE  Hodgkin,  EG  Zorn,  and  GL 
Connors.  We  did  not  review  this 
book  simultaneously  and  we  cannot 
comment  on  the  relative  advantages 
of  the  two  texts. 

Ahhough  the  authors  did  fail  to 
address  the  reimbursement  issues 
and  to  provide  'more  bang  for  the 
buck"  by  including  informative  fig- 
ure legends.  Guidelines  for  Pul- 
monary Rehabilitation  Programs 
represents  a  solid  contribution  to  a 
field  that  needs  increased  standard- 
ization of  caregiving  modalities. 

David  P  Meeker  MD 
Kay  Stelmach  RN  RRT 

Department  of  Pulmonary  and 

Critical  Care  Medicine 

Cleveland  Clinic  Foundation 

Cleveland,  Ohio 


Respiratory    Care:    A    Guide    to 

Clinical  Practice,  3rd  edition,  edited 
by  George  E  Burton  MD.  John  E 
Hodgkin  MD,  and  Jeffrey  J  Ward 
MEd  RRT.  Hardcover,  1,043  pages, 
illustrated.  Philadelphia:  JB  Lippin- 
cottCo,  1991.  $150.00. 

This  classic  textbook  for  respira- 
tory therapists  is  now  in  its  third  edi- 
tion. Two  major  changes  are  obvi- 
ous. The  first  is  a  reduction  in  the 
number  of  pages  and  the  other  a 
change  in  the  authorship.  The  new 
edition  has  several  new  names,  this 
time  including  anesthesiologists.  A 
well-balanced  mix  of  pulmonologists, 
respiratory  therapists,  and  anesthesi- 
ologists now  contribute  to  this  text. 
The  book  retains  its  original  layout 
and  is  divided  into  3  sections  and  an 
appendix. 

The  first  section  is  an  introduction 
to  the  field  of  respiratory  therapy, 
and  it  takes  the  reader  through  the 
history  of  the  specialty,  the  role  of 
the  therapist  in  modem  medicine, 
and  the  various  aspects  of  training  in 
and  the  delivery  of  respiratory  care 
in  the  U.S. 

Section  2  is  the  meat  of  the 
book — 16  chapters  on  the  science  of 
respiratory  therapy.  It  begins  with 
pulmonary  physiology  and  goes  on 
to  cover  physical  examination  of  the 
lungs.  The  extensive  chapter  on  the 
chest  x-ray  is  too  detailed;  a  review 
of  the  general  principles  of  x-ray  di- 
agnosis followed  by  a  few  common 
clinical  conditions  would  serve  just 
as  well.  Nevertheless,  it  contains  a 
lot  of  essential  clinical  information 
on  x-ray  diagnosis.  Airway  man- 
agement is  handled  well,  again  in 
great  detail.  If  one  might  be  allowed 
to  be  pedantic.  Mallampati  was  mis- 
spelled (Mollampati).  1  find  the  dis- 
cussion on  assessment  of  the  airway 
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rather  vague.  Mallampati's  classifi- 
cation system  of  four  oropharyngeal 
views  of  difficult  intubations  is  not 
clearly  presented,  but  this  does  not 
detract  from  an  excellent  discussion 
on  airway  management  options. 
Mechanical  ventilation,  originally 
spread  over  four  chapters,  is  now 
covered  in  two.  Two  chapters  have 
been  dropped  entirely,  the  one  on 
weaning  (now  part  of  the  main  chap- 
ter on  ventilation)  and  the  one  on 
IPPB,  which  barely  gets  a  mention — 
a  reflection  no  doubt  on  its  role  in 
present-day  respiratory  therapy. 

The  third  part  of  the  book  deals 
with  the  management  of  common 
respiratory  conditions  in  the  inten- 


sive care  unit  (ICU).  These  chapters 
all  stand  out  for  their  clarity  and  or- 
ganization. The  principles  of  diag- 
nosis and  management  are  discussed 
first,  followed  by  a  brief  discussion 
of  the  literature.  The  chapter  on 
ARDS  is  good,  although  it  does  not 
mention  permissive  hypoventilation. 
The  references  are  not  as  recent  as 
one  might  have  expected. 

The  final  section  of  the  book  is  a 
series  of  short  monographs  on  a  mix 
of  topics.  There  is  a  good  review  of 
the  physics  and  science  of  blood  gas 
measurements,  gas  laws,  and  some 
rules-of-thumb  for  the  management 
of  the  critically  ill  patient. 

A  variety  of  excellent  books  have 


been  written  on  this  subject;  how- 
ever, this  book  has  much  to  offer  and 
remains  the  standard  in  respiratory 
care  education.  It  should  find  a  place 
in  any  departmental  library,  but  it  is 
probably  too  expensive  to  be  part  of 
a  personal  collection.  In  addition  to 
respiratory  therapists,  ICU  residents 
should  find  it  an  excellent  guide  to 
respiratory  intensive  care. 

Vasudevan  C  Jaidev  MD 

Resident  Physician 

Department  of  Anesthesiology 

University  of  Virginia 

Health  Sciences  Center 

Charlottesville,  Virginia 
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Deja  Vu!  A  CPR  Device  to  the 
Attention  of  MED  WATCH 

Not  only  that,  it's  happening  all 
over  again!'  I  was  perusing  a  sheaf 
of  items  offered  for  sale  by  a  com- 
pany called  Handsome  Rewards 
(19465  Brennan  Avenue,  Perris  CA 
92599)  when  I  came  across  an  ad  for 
a  resuscitation  aid  called  CPReviver. 
Because  it  was  on  sale  for  only 
$15.00  (discounted  from  $24.00),  1 
was  compelled  to  own  one  (Fig.  1 ). 

The  ad  copy  states  "Prepare  for 
emergencies  of  the  most  serious  sort 
with  the  CPReviver.  It's  a  necessity 
in  today's  world:  a  disposable  con- 
tamination-free resuscitator  that  al- 
lows maximum  air  flow  to  and  from 
the  victim  without  dangerous  back- 
flow  of  possibly  contagious  fluids. 
Eliminates  mouth-to-mouth  contact 
while  permitting  lifesaving  treatment 
for  shock,  cardiac  arrest,  drowning, 
smoke  inhalation,  drug  overdo.se, 
convulsions,  and  other  respiratory 
traumas."  The  directions  (in  both 
English  and  Spanish)  instruct  the  po- 


tential rescuer  to  (1)  have  someone 
call  for  assistance;  (2)  part  lips  and 
clear  mouth  and  throat;  (3)  place  vic- 
tim face  up  and  tilt  head  back;  (4)  in- 
sert CPReviver  over  tongue  and  cov- 
er lips  with  mouthpiece;  (5)  pinch 
nostrils  closed  and  blow  deep  breath 
into  tube;  (6)  pause  4  seconds  to  al- 
low victim  to  exhale  through  tube 
exhaust  hole;  and  (7)  repeat  steps  5 
and  6  every  4  seconds  until  breathing 
resumes  or  medical  assistance  ar- 
rives. 

In  examining  this  device.  1  want- 
ed to  determine  how  the  one-way 
valve  worked.  It  is  a  collapsible  tube 
that  opens  only  on  the  strength  of  the 
rescuer's  breathing  and  then  col- 
lapses on  exhalation,  diverting  the 
expired  gases  out  a  side  port.  A 
quick  test  breath  seemed  to  require 
substantial  effort  to  open  the  valve.  1 
placed  a  manometer  in-line  proximal 
to  the  valve  and  determined  that  it 
took  about  30  cm  HiO  pressure  to 
open  the  valve;  at  higher  flows,  as 
much  as  50  cm  H:0  was  required! 
Two  additional  facts  emerged  from 


Mouth  Piece  i 
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Fig.  1.  CPReviver,  showing  one-way  valve,  exhalation  port,  rescuer  and  victim 
airway,  and  rescuer-victim-orientation  swivel. 


my  brief  evaluation.  First,  the  30  cm 
HiO  was  really  a  critical  opening 
pressure — the  valve  remained  closed 
to  the  patient  below  that  pressure. 
Second,  the  CPReviver  has  a  swivel 
feature  that  enables  the  rescuer  to  ro- 
tate the  mouthpiece  (rescuer)  relative 
to  the  airway  tube  (victim).  There 
was  a  noticeable  air  leak  around  this 
connection  at  various  flows. 

I  believe  that  the  marketing  of  this 
device  at  this  time  is  irresponsible.  In 
the  hands  of  an  untrained  rescuer,  it 
could  endanger  someone's  life  rather 
than  save  it.  I  haven't  used  this  de- 
vice on  a  person,  but  the  results  of 
my  limited  testing  plus  the  less-than- 
adequate  and  brief  directions  con- 
tained on  the  packaging,  lead  me  to 
believe  that  CPReviver  is  potentially 
dangerous.  First,  it  is  recommended 
for  use  on  anyone  age  4  or  older.  The 
directions  say  "blow  deep  breath  into 
tube" — this  action  alone  carries  im- 
mense risk  for  a  small  child.  Addi- 
tionally, if  someone  does  not  gener- 
ate the  requisite  30  cm  H:0  critical 
opening  pressure  for  the  valve,  all 
the  tidal  volume  would  be  delivered 
to  the  room,  not  the  victim.  The  pres- 
ence of  a  continuous  leak  of  un- 
known size  around  the  swivel  con- 
nection further  reduces  the  rescuer's 
ability  to  generate  the  opening  pres- 
sure and  deliver  a  reasonable  tidal 
volume  to  the  victim.  Additionally, 
generation  of  the  opening  pressure 
requires  rapid  delivery  of  air  (high 
flows),  in  direct  opposition  to  current 
American  Heart  Association  Guide- 
lines for  rescue  breathing." 

The  directions  fail  to  emphasize 
the  importance  of  maintaining  the 
airway,  aside  from  the  initial  in- 
structions to  tilt  the  head  back.  There 
also  is  no  mention  of  monitoring  the 
efficacy  of  one's  efforts,  as  by  chest 
rise  or  improvement  in  the  patient's 
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color.  Finally,  the  directions  fail  to 
address  several  'What-if  questions 
such  as:  What  if  the  victim  vomits? 
What  if  the  air  is  not  going  into  the 
victim?  What  if  the  victim  is  already 
breathing? 

I  attempted  to  contact  the  man- 
ufacturer (Winspan  Inc,  Sylmar  CA 
91342)  but  I  was  unsuccessful  (this 
company  does  not  have  a  telephone 
listed).  I  notified  the  Medical  Device 
and  Laboratory  Product  Problem  Re- 
potting Program  (now  MEDWaTCH).' 
In  spite  of  the  fact  that  the  CPReviver 
is,  as  it  states  on  the  box,  "Manu- 
factured in  Compliance  with  Govern- 
ment Regulations,"  One  is  inclined 
to  ask,  "What  regulations?"  I  am 
convinced  this  is  a  device  that  in  the 
hands  of  untrained  individuals  could 
result  in  otherwise  avoidable  injuries 
and  deaths.  Continued  vigilance  is 
necessary  to  find  and  expose  devices 
such  as  CPReviver.  We  must  watch 
with  a  critical  eye,  the  endless  parade 
of  gimmicks  and  gadgets  that  at- 
tempts to  lure  us;  some  of  these  may 
lead  to  error  and  harm. 

Robert  R  Fluck  Jr  MS  RRT 

Clinical  Coordinator 

Department  of  Respiratory  Care  and 

Cardiorespiratory  Sciences 

College  of  Health  Related 

Professions 

State  University  of  New  York 

Health  Science  Center 

Syracuse,  New  York 
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Objections  to 
Humidiflcation  Editorial 

In  their  discussion  of  nosocomial 
pneumonia,  Branson  and  Chatburn' 
dismi.ss  the  fine  work  of  Gallagher  et 
al"  because  it  "disagrees"  with  three 
other  studies.  That  results  were  not 
identical  in  studies  employing  differ- 
ent protocols,  evaluating  different 
patients,  and  conducted  in  different 
institutions  is  hardly  surprising;  but 
such  differences  are  insufficient  rea- 
son to  dismiss  research  not  conform- 
ing to  the  authors'  apparent  bias.  In 
doing  so,  they  confuse  a  Type  I  sta- 
tistical error  with  a  Type  II  error. 

Two  of  the  articles  cited  by  Bran- 
son and  Chatburn  do  support  a  de- 
creased incidence  of  nosocomial 
pneumonia  when  the  Pall  heat-and- 
moisture  exchanging  filter  (HME)  is 
compared  with  hygroscopic  condens- 
er humidifiers  (HCH).- -*  That  differ- 
ences did  not  reach  statistical  sig- 
nificance in  these  studies  simply 
reflects  their  relatively  small  sample 
sizes,  but  does  not  prove  that  no  dif- 
ference exists.  Infections  were  not 
even  evaluated  in  the  third  paper 
Branson  and  Chatburn  cite  in  this 
section.'  In  that  work  Misset  et  al 
specifically  state,  "No  attempt  was 
made  to  assess  the  incidence  of  nos- 
ocomial pneumonia." 

Branson  and  Chatburn  make  a 
number  of  eiTors  when  summarizing 
our  study  comparing  an  HME  and 
various  HCHs."  They  specify  that  we 
used  a  tidal  volume  of  1 ,000  mL  and 
a  respiratory  frequency  of  10  breaths/ 
min.  Our  paper  indicates  that  the  ti- 
dal volume  was  set  to  10  niL/kg  and 
the  respiratory  rate  adjusted  to  pro- 
vide an  end-tidal  Pcoi  near  35  toiT. 
Neither  tidal  volume  nor  respiratory 
rate  was  specified  in  our  paper,  but 
typical  values  (during  anesthesia) 
were  700  mL  and  8  breaths/min. 

The  next  sentence  in  Branson  and 
Chatburn's  editorial  requires  dis- 
cussion. It  states  "The  use  of  an 
HCH  resulted  in  the  delivery  of  an 


average  of  29  mg  HjO/L,  whereas 
the  use  of  an  HME  yielded  19  mg 
H2O/L."  Although  water  loss  per  li- 
ter can  be  calculated  using  various 
assumptions,  it  is  not  what  we  re- 
ported. Our  results  are  expressed  in 
terms  of  percent  water  saved.  A 
more  serious  concern  is  the  carefully 
deceptive  wording  of  this  sentence, 
which  implies  that  the  average  value 
for  the  four  HCHs  that  we  tested  was 
29  mg  H2O/L.  However,  that  value 
actually  refers  to  the  best  HCH;  the 
average  value  was  considerably  less, 
and  one  of  the  HCHs  saved  less  wa- 
ter than  the  HME.  Our  paper  specif- 
ically concluded  that  differences 
among  the  tested  units  were  not  clin- 
ically important. 

Branson  and  Chatburn's  section 
discussing  the  influence  of  inspired 
gas  temperature  on  body  temperature 
contains  so  many  errors  that  1  find  it 
virtually  impossible  to  interpret. 
Even  their  conversion  factors  are 
wrong:  I  kcal/h  equals  4,190  J/h  (not 
4.19  J^  as  .stated  in  the  editorial), 
and  I  kcal/h  equals  1.2  W  (not  1.6  W 
as  they  state). 

Minute  ventilation  and  inspiratory 
and  expiratory  gas  temperature  and 
relative  humidity  are  the  only  in- 
formation required  to  calculate  res- 
piratory heat  balance.  These  simple 
thermodynamic  calculations  have 
been  reported  numerous  times.  Bran- 
son and  Chatburn's  unique  calcula- 
tions require  a  series  of  assumptions, 
at  least  some  of  which  are  incorrect. 
They  calculate  respiratory  heat  loss 
from  the  fraction  of  total  heat  loss 
that  is  evaporative.  As  a  result  of 
confusing  total  evaporative  loss 
(which  includes  insensible  trans- 
cutaneous loss)  with  respiratory  heat 
loss,  they  conclude  that  respiratory 
loss  constitutes  21%  of  the  total — 
roughly  twice  the  correct  value. ''^ 

The  entire  discussion  of  re- 
warming  from  accidental  hyperther- 
mia is  irrelevant  to  typical  clinical 
conditions.  More  importantly,  it 
makes  the  implicit  assumption  that 
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changes  in  core  temperature  rea- 
sonably indicate  changes  in  body 
heat  content.  It  is  well  established 
that  redistribution  of  heat  within  the 
body  can  markedly  change  core  tem- 
perature without  altering  net  heat 
balance.*'  Such  changes  are  par- 
ticularly well  established  during  the 
initial  rewarming  period  following 
accidental  hypothermia.'" 

In  summary,  numerous  errors  in 
Branson  and  Chatbum's  editorial 
make  many  of  its  conclusions  sus- 
pect. They  appear  to  have  sacrificed 
considerable  scientific  objectivity  in 
an  effort  to  support  their  apparent 
bias. 

Daniel  I  Sessler  MD 

Associate  Professor  of  Anesthesia 

Director 

Thermoregulation  Research  Lab 

University  of  California 

San  Francisco,  California 


Dr  Sessler  has  no  financial  interest  in  any 
anesthesia-related  companies,  nor  does 
he  consult  for  or  accept  honoraria  from 
clinically  related  companies.  His  labora- 
tory (UCSF  Thermoregulation  Research 
Laboratory)  is  supported  by  the  National 
Institutes  of  Health  and  a  number  of 
companies  including  Augustine  Medical 
Inc.  Aspect  Medical  Inc.  ICI  Inc.  Mal- 
linckrodt  Inc,  Pall  Corp,  Gibeck  Respira- 
tion Inc,  Exergen  Corp,  and  RSP  Inc. 
During  the  last  5  years,  the  Laboratory 
has  received  $20,000  from  Gibec  Res- 
piration Inc  and  $2,000  from  Pall  Corp. 
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Mr  Branson  and  Mr  Chatbum  re- 
spond: 

Dr  Sessler  takes  issue  with  several 
of  the  points  in  our  editorial.'  We 
will  address  each  of  his  comments. 

Dr  Sessler  suggests  that  it  is  our 
"bias"  that  the  use  of  an  HME/HCH 
does  not  reduce  the  incidence  of  nos- 
ocomial pneumonia.  He  cites  the 
"fine"  work  of  Gallagher-  as  ev- 
idence, but  fails  to  discuss  the  limita- 


tions of  Gallagher's  study.  As  we 
have  previously  stated,  this  study 
utilized  a  retrospective  control  group 
and  provides  no  group  comparisons. 
The  findings  in  this  study  are  there- 
fore difficult  to  confirm  and  are  in 
conflict  with  other  studies.'"^  We  are 
aware  of  the  types  of  statistical  errors 
seen  in  clinical  studies  when  in- 
appropriate numbers  of  patients  are 
selected,  and  we  understand  that 
studies  from  different  sites  using  dif- 
ferent protocols  often  report  different 
findings.  The  two  articles  we  cite'" 
do  not  compare  HMEs  to  HCHs  as 
Dr  Sessler  suggests  but  rather  HMEs 
to  heated  humidifiers.  In  any  event, 
these  studies  do  not  show  a  differ- 
ence in  the  incidence  of  nosocomial 
pneumonia.  Dr  Sessler  says  they  "do 
support  a  decreased  incidence  of  nos- 
ocomial pneumonia,"  but  that  "dif- 
ferences did  not  reach  statistical  sig- 
nificance." You  can't  have  it  both 
ways.  According  to  statistical  con- 
vention, not  reaching  statistical  sig- 
nificance means  that  the  data  do  not 
support  the  conclusion  that  a  differ- 
ence exists.  In  contrast  to  the  Gal- 
lagher et  al  study,  these  studies  do 
provide  group  comparisons  and  al- 
low scientific  scrutiny  of  the  meth- 
ods. Roustan  et  aF  state  in  their  re- 
sults "Incidence  of  nosocomial  pneu- 
monia did  not  significantly  differ  be- 
tween Groups  I  and  II  (9/61  vs  5/55, 
yC  =  0.876,  p  >  0.25).  The  study  by 
Martin  et  al  states  "Seven  percent  of 
patients  in  the  PUBCF  and  19  per- 
cent in  the  HHWS  developed  a  nos- 
ocomial bronchopneumonia  during 
the  study.  This  did  not  reach  the  lev- 
el of  significance.""  As  Dr  Sessler 
says,  Misset  et  al  did  not  specifically 
address  the  incidence  of  nosocomial 
pneumonia.''  As  such,  Misset  et  al's 
work  supports  neither  his  nor  our 
viewpoints. 

Dr  Sessler  does  not  explain  how 
an  HME  reduces  the  incidence  of 
nosocomial  pneumonia  and  does  not 
state  whether  he  disagrees  or  agrees 
with  our  conclusion.   Certainly   the 
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literature  demonstrates  that  noso- 
comial pneumonia  is  most  frequently 
due  to  aspiration  of  oropharyngeal 
and/or  gastric  secretions,'  and  at 
least  one  group  of  authors  state  that 
nosocomial  pneumonia  caused  by 
contaminated  respiratory  therapy 
equipment  is  infrequent.*' 

Perhaps  we  have  missed  Dr  Sess- 
ler's  point.  He  suggests  we  misrepre- 
sent the  data  to  support  our  bias,  yet 
he  does  not  say  he  believes  that  nos- 
ocomial pneumonia  is  reduced  or 
prevented  by  use  of  an  HME.  In  fact, 
Dr  Sessler  seems  to  demonstrate  his 
own  bias  by  attributing  the  results  of 
studies  to  Type  1  or  Type  II  errors, 
depending  upon  which  suits  his  fan- 
cy. 

Dr  Sessler  is  correct  in  that  we 
mistakenly  reported  the  test  results  in 
his  and  Dr  Bickler's  study."*  The  ven- 
tilatory setting  should  read  a  tidal 
volume  of  10  mL/kg  and  respiratory 
frequency  set  to  maintain  an  end- 
tidal  CO:  of  35  torr,  not  a  tidal  vol- 
ume of  1,000  mL  and  frequency  of 
10  breaths/min.  We  apologize  to  the 
readers  for  our  error.  However,  Dr 
Sessler"  s  contention  that  we  used 
"deceptive  wording"  raises  our  ire. 
Let  us  restate  our  interpretation  of 
Bickler  and  Sessler" s  results  in  a 
manner  that  Dr  Sessler  should  find 
straightforward  and  easy  to  com- 
prehend. In  this  report  five  devices 
were  studied.  Gibeck  Humid  Vent 
Filter.  Pall  HME.  Portex  Thermo- 
Vent  600.  Gibeck  Humid  Vent  1,  and 
Siemens  Servo  Humidifier  150.  In 
this  group,  the  size  of  the  devices  al- 
lows the  three  largest — Gibeck  Hu- 
mid Vent  Filter  (63  mL  dead  space). 
Pall  HME  (95  mL  dead  space),  and 
Siemens  150  (90  mL/dead  space) — 
to  be  compared.  Comparing  these 
two  HCHs  to  the  HME  does  in  fact 
provide  the  data  we  suggested.  Dr 
Sessler  then  states  that  they  con- 
cluded the  differences  among  tested 
units  "were  not  clinically  important."" 
Perhaps  that  is  true  in  a  study  in 
which  short-term  use  in  the  operating 


room  is  required.  However,  evidence 
suggests  that  the  low  moisture  output 
of  the  Pall  HME  is  clinically  im- 
portant because  a  number  of  studies 
have  shown  endotracheal  tube  occlu- 
sions associated  with  its  use.''"''* 
Certainly  the  death  of  a  patient  in  the 
study  by  Martin  et  al"*  can  be  con- 
sidered clinically  important.  As  fur- 
ther proof,  however,  we  offer  the  re- 
cent paper  by  Sottiaux  et  al  pub- 
lished in  July  1993.'"  In  a  group  of 
29  surgical  patients  requiring  me- 
chanical ventilation.  1 1  received  hu- 
midification  with  the  Pall  HME,  8 
with  the  Gibeck  Humid  Vent,  and  10 
with  the  Hygrobac  DAR.  All  patients 
were  initially  ventilated  at  a  tidal  vol- 
ume of  10  mL/kg,  respiratory  rate  of 
14  breaths/min,  and  an  Fio;  of  0.3. 
Measurements  of  temperature  and  ab- 
solute humidity  were  accomplished 
at  several  points  in  the  patient-ven- 
tilator system.  Sottiaux  et  al  found 
that  the  Pall  HME  provided  less  hu- 
midity than  either  of  the  two  hygro- 
scopic devices  (Gibeck  and  DAR  28 
g  H.O/m'  vs  22.75  g  H.O/m'  for 
Pall).  Let  Sottiaux  and  colleagues'" 
speak  to  Dr  Sessler' s  objections: 

Referring  to  minimal  criteria  pub- 
lished by  several  authors,  the  Pall 
filter  appears  to  be  unsatisfactory, 
even  with  the  relatively  low  Vj. 
Several  studies  have  corroborated 
the  poor  performance  of  the  Pall 
filter.  Recently  a  study  was  inter- 
rupted after  the  death  of  a  patient 
in  a  BB50  Pall  group  from  total 
obstruction  of  an  ETT. 

The  performance  of  the  hydro- 
phobic HME  (Group  1)  was  in- 
ferior and  appears  to  be  unsatis- 
factory. 

Performance  of  the  hydrophobic 
HME  may  be  weak  and  can  ex- 
pose the  patient  to  an  unacceptable 
risk  of  endotracheal  tube  occlu- 


Again  we  miss  the  point  of  Dr 
Sessler" s    objections.    He    feels    we 


misrepresented  his  data  and  that  the 
differences  in  devices  are  not  clin- 
ically significant.  The  authors  of  four 
published  studies  certainly  disagree 
with  this  contention  and  the  reported 
incidence  of  tracheal  tube  occlusion 
is  certainly  reproducible. 

We  made  three  errors  in  the  sec- 
tion on  the  influence  of  inspired  gas 
temperature  on  body  temperature. 
Unfortunately,  two  occur  in  the  same 
conversion  equation.  The  correct 
conversion  equation  is 

1  kcal/h  =  4.19kJ/h=  1.16W. 

However,  these  errors  do  not  af- 
fect the  subsequent  analysis  and  con- 
clusions. The  estimation  of  17  W  of 
heat  energy  lost  from  the  adult  ex- 
pired air  is  taken  from  Walker  et  al" 
who  state  a  value  of  350  kcal  per 
day.  The  conversion  to  watts  is 


350  kcal 
day 


iday  ^  I.I6W^  ,7w 
24  h         kcal/h 


This  estimation  of  17  W  lost 
through  expired  air  is  close  to  the 
12  W  estimated  by  Hendrickx'-  and 
Shanks."  It  represents  both  sensible 
and  insensible  heat  loss  from  the  res- 
piratory system  only.  It  is  also  con- 
sistent with  the  estimate  of  10-15  W 
quoted  by  Dr  Sessler  and  his  col- 
leagues.'"" Therefore,  we  see  no  jus- 
tification for  Dr  Sessler"  s  remark  that 
our  estimate  is  ". . .  roughly  twice  the 
correct  value."'  There  is  no  "correct'" 
value.  These  are  all  'ballpark"  esti- 
mates. Dr  Sessler  should  appreciate 
this  as  he  has  also  estimated  a  res- 
piratory heat  loss  of  as  low  as  7  W  in 
another  paper,**  which  would  make 
one  of  his  own  estimates  twice  the 
other. 

According  to  Allen. '^  basal  meta- 
bolic heat  production  is  about  46 
W/m".  An  'average"  adult  weighing 
68  kg  and  170  cm  tall  (not  74  cm 
tall,  as  we  erroneously  stated  in  the 
text)  has  a  body  surface  area  of  about 
1.8  m-  (from  the  Dubois  body  sur- 
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face  nomogram).  The  heat  pro- 
duction of  this  average  adult  is  there- 
fore 46  W/m-  X  1.8  m-  =  82.8  W. 
Thus,  the  fraction  of  heat  lost  from 
expired  gas  is  17  W/82.8  W  =  0.21 
(or  21%  as  stated  in  the  text).  We  did 
not  ".  .  .  calculate  respiration  heat 
loss  from  the  fraction  of  total  heat 
loss  which  is  evaporative."  As  Dr 
Sessler  suggested,  we  calculated  it 
from  total  sensible  and  insensible 
respiratory  heat  loss  and  total  meta- 
bolic heat  loss.  We  have  not  con- 
fused total  evaporative  loss  with  res- 
piratory heat  loss  as  Dr  Sessler 
assumes,  and  21%  is  not  twice  any 
"correct"  value. 

Regardless  of  the  estimate  used 
(and  Dr  Sessler' s  low  estimate  sim- 
ply reinforces  our  point),  the  take- 
home  message  is  still  that  the  heat 
lost  from  the  respiratory  system  ac- 
counts for  a  small  fraction  of  the  ba- 
sal metabolic  heat  production  and 
thus  ". . .  heating  inspired  gases  con- 
tributes little  to  total  body  rewarni- 
ing. ""'  As  Baumgarten  has  pointed 
out,  ".  .  .  many  anesthesiologists  feel 
that  heated  humidifiers  actively 
warm  a  patient  who  has  been  al- 
lowed to  get  cold."  The  article  by 
Ralley  et  al""  dispels  this  myth." 

Dr  Sessler  states  that  "'Branson 
and  Chatbum's  unique  calculations 
require  a  series  of  assumptions,  at 
least  some  of  which  are  incorrect." 
In  our  text  we  gave  the  exact  equa- 
tions required  to  calculate  heat  bal- 
ance from  a  detailed  article  in  the 
Journal  of  Applied  Physiology.'"  We 
gave  the  explicit  assumptions  upon 
which  the  equations  are  based  (ie, 
gas  density,  specific  heat,  and  vol- 
ume are  assumed  to  be  the  same  for 
inspired  and  expired  gas).  We  at- 
tempted to  summarize  the  equations 
with  the  statement  that  "Basically, 
heat  exchange  is  proportional  to  min- 
ute ventilation  and  either  temperature 
or  water  vapor  content  gradients," 


which  is  essentially  the  same  as  (if 
not  more  precise  than)  Dr  Sessler' s 
statement  that  "minute  ventilation 
and  inspiratory  and  expiratory  gas 
temperature  and  relative  humidity 
are  the  only  information  required  to 
calculate  respiratory  heat  balance." 
The  calculations  provided  in  this  let- 
ter to  justify  the  ideas  in  our  paper' 
involve  no  assumptions  other  than 
those  assumed  by  authors  (ie.  Walker 
et  al"  and  Allen"',  and  estimates  of 
heat  loss  are  adequate  for  demonstra- 
tion purposes. 

Dr  Sessler  missed  the  point  of  our 
discussion  of  rewarming  protocols. 
As  we  said  in  the  text,  previous  stud- 
ies of  rewarming  from  accidental  hy- 
pothermia or  even  hypothermia  after 
anesthesia'^  have  been  criticized  be- 
cause of  improper  core  temperature 
estimates'-  and  a  variety  of  other 
confounding  factors — differences  in 
amount  of  insulation  provided  for 
subjects,  differences  in  time  span  be- 
tween cooling  and  rewarming,  differ- 
ences in  room  temperature,  and  vari- 
ations in  inspired  gas  temperature.-" 
Dr  Sessler' s  comment  about  core 
temperature  not  reflecting  total  body 
heat  content  only  emphasizes  the 
problem  with  previous  studies.  That 
is  why  Romet  and  Hoskin-"  decided 
upon  their  particular  study  design  us- 
ing a  whole  body  calorimeter  to  mea- 
sure heat  transfer  during  intentional 
cooling  and  rewarming  of  volunteer 
subjects.  Body  temperatures  after 
cooling  averaged  36.7°C  simulating 
"mild  hypothermia."  Such  body  tem- 
peratures are  not  "irrelevant  to  typ- 
ical clinical  conditions,"  as  Dr  Sess- 
ler says  and  are  even  closer  to 
normal  than  the  postanesthesia  body 
temperature  reported  by  Stone  et  al.'*' 
Use  of  a  calorimeter  allowed  these 
investigators  to  make  conclusions 
about  changes  in  total  body  heat  con- 
tent without  having  to  use  'guess- 
timates' based  on  body-temperature 


measurements  or  indirect  measure- 
ments of  water  and  temperature 
changes  as  other  researchers,  includ- 
ing Dr  Sessler,**  have  done.  Thus,  by 
using  a  calorimeter  to  measure  body 
heat  content  directly,  Romet  and  Ho- 
skin-" avoided  the  ".i.i. (implicit  as- 
sumption that  changes  in  core  tem- 
perature reasonably  indicate  changes 
in  body  heat  content"  that  concerns 
Dr  Sessler.  Nevertheless,  Romet  and 
Hoskin  did  measure  body  tempera- 
ture at  all  the  major  sites  used  by  pre- 
vious researchers  (ie,  rectum,  esoph- 
agus, and  auditory  canal).  Their  re- 
sults indicate  that  (1)  esophageal 
temperature — the  closest  approxima- 
tion of  aortic  blood  or  cardiac  tem- 
perature— was  the  most  sensitive  to 
change  during  rewarming,  (2)  breath- 
ing 40°C  and  45  °C  air  accounts  for 
only  4-7%  of  the  total  heat  exchange, 
and  (3)  while  breathing  heated  air 
there  are  reductions  in  metabolic  rate 
and  ventilation  that  are  not  com- 
pensated for  by  the  small  amount  of 
respiratory  heat  added. 

In  summary,  we  apologize  for  the 
numerical  errors,  which  are  inexcus- 
able. However,  because  Dr  Sessler 
has  provided  neither  a  counterargu- 
ment (based  on  either  theory  or  ex- 
perimental data)  nor  reference  for  a 
counterargument,  we  maintain  our 
original  assertion  that  one  should  not 
try  to  speed  rewarming  of  core  body 
temperature  by  increasing  the  in- 
spired gas  temperature  above  normal 
(ie,  about  33°C). 

The  tone  of  Dr  Sessler' s  letter  dis- 
turbs us  most.  If  his  intent  was  to  dis- 
credit us  through  accusations  that  are 
unsupported,  he  will  be  disappointed. 
We  believe  that  readers  of  RES- 
PIRATORY Care  will  certainly  travel 
to  the  library;  retrieve,  read,  and  di- 
gest the  articles  we  have  discussed; 
and  come  to  a  conclusion  similar  to 
ours.  There  is  no  evidence  to  suggest 
that  use  of  an  HME/HCH  filter  de- 
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creases  the  incidence  of  nosocomial 
pneumonia.  Use  of  the  Pali  HME 
places  the  patient  at  rislc  for  the  de- 
velopment of  tracheal  tube  occlu- 
sion. This  isn't  our  opinion.  It's  sim- 
ply a  fact  based  on  the  published 
results  of  several  studies. 

Richard  D  Branson  RRT 

Assistant  Professor 

Division  of  Trauma/Critical  Care 

Department  of  Surgery 

University  of  Cincinnati 

College  of  Medicine 

University  Hospital 

Cincinnati,  Ohio 

Robert  L  Chatburn  RRT 

Director 

Pediatric  Respiratory  Care 

Rainbow  Babies  & 

Childrens  Hospital 

Instructor 

Case  Western  Reserve  University 

Cleveland,  Ohio 


Mr  Branson  and  Mr  Chatbum  have  no  fi- 
nancial interests  in  the  products  men- 
tioned or  in  competing  products. 
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Reply  to  Paluch  on 
HME  Misrepresentations 

We  read  with  interest  the  letter 
written  by  Mr  Paluch,'  President  of 
Nova-VentRX  Inc,  in  the  September 
issue  of  the  Journal  and  would  like  to 
comment. 

Heated  humidifiers  have  been 
shown  to  provide  an  environment  fa- 
vorable for  the  growth  of  micro- 
organisms.- In  fact,  Rhame  et  al' 
demonstrated  that  the  Cascade  I  Hu- 
midifier produced  bacteria-laden  mi- 
croaerosol.  In  addition,  with  a  hot- 
water-bath  system,  condensation  does 
occur  in  the  circuitry  and  provides  a 
nidus  for  bacterial  colonization.^ 
This  needs  to  be  drained  and,  as  a  re- 
sult, provides  the  potential  for  further 
infectivity.  The  incredible  numbers 
and  variety  of  organisms  that  can  be 
isolated  have  been  well  document- 
ed.^'' Indeed,  these  authors  have 
shown  that  within  24  hours,  85%  of 
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ventilator  circuits,  57%  of  water 
traps,  55%  of  the  Cascade  humidifi- 
ers, and  88%  of  inspiratory  tubing 
were  colonized.  Also,  it  has  been 
shown  that  medical  gases  are  not 
sterile  and  that  passage  of  a  gas 
through  contaminated  tubing  allows 
for  the  pick-up  and  transmission  of 
that  contamination."* 

With  regard  to  the  dissemination 
of  pathogens,  Mr  Paluch  states  that 
the  source  of  the  pathogen  is  not  the 
reservoir — but  the  patient.  This  is 
generally  true.  However,  the  hot- 
water-bath  reservoir  and/or  conden- 
sate becomes  contaminated  by  retro- 
grade microbial  movement.'""  Once 
microorganisms  are  introduced  into  a 
warm,  moist  environment,  rapid 
growth  can  occur.  This  can  be  clear- 
ly seen  in  many  systems  where  the 
condensate  in  watertraps  is  turbid,  in- 
dicating gross  microbial  contamina- 
tion. In  addition.  Craven  and  his  col- 
leagues'*"'- caution  practitioners  that 
handling  contaminated  condensate 
poses  a  risk  for  contamination  of  the 
hands. 

The  Pall  HME  Filter  is  an  effec- 
tive alternative  to  heated  humidifiers 
for  most  patients.  Mr  Paluch  has 
omitted  such  well-respected  authors 
as  Gallagher  et  al."  Tenaillon  et  al," 
Chalon  et  al,"  and  Bethune"'  who 
highlight  the  role  of  the  Pall  Filter  in 
humidifying  gases  for  ventilated  pa- 
tients. Indeed,  Tenaillon  et  al''*  di- 
rectly compare  the  Pall  Filter  to  a 
Fisher-Paykel  water  bath  and  quote: 
"The  humidifying  devices  were  sim- 
ilar as  regards  tracheal  secretions,  en- 
dotracheal tube  obstruction,  and  pul- 
monary complications  but  the  filter 
reduced  inspiratory  line  resistance, 
the  costs  of  ventilation,  and  nursing 
time."  Other  papers  also  highlight 
the  role  of  the  HME/HMEF  devices 
in  long-term  ventilation.'^"*  Perhaps 
if  these  references  had  been  includ- 
ed, a  broader  perspective  may  have 
been  presented  in  Mr  Paluch's  letter. 

We  refute  that  the  Pall  report  mis- 
represents   the   performance   of  the 


Pall  HMEF.  It  is  unfortunate  that  Mr 
Paluch  misunderstood  our  report, 
which  says  "The  artificial  patient 
temperature  was  maintained  at  33- 
38°  throughout  the  test  and  was  mon- 
itored on  an  hourly  basis."  This  re- 
fers to  the  range  of  temperature  of 
the  water  bath  and  not  temperature 
presented  to  the  HMEF,  as  clearly  il- 
lustrated in  Figure  1  of  our  test  re- 
port.''' Our  current  testing  apparatus 
is  set  to  deliver  34  ±  1°C  to  the 
HME,  as  recommended  by  the  Inter- 
national Standards  Organization,-" 
and,  therefore,  we  feel  that  clinical 
users  can  judge  this  international  per- 
formance rating.  The  performance  of 
the  Pall  HMEF  has  been  widely  doc- 
umented and  the  suitability  and  in- 
deed the  preference  over  a  heated 
water  bath  indicated. '"■• 

Mr  Paluch  discussed  at  length  the 
work  by  Cohen  et  al-'  and  by  Martin 
et  al.--  There  is  a  significant  omis- 
sion in  that  there  is  no  reference  in 
Mr  Paluch's  letter  to  the  corre- 
spondence subsequent  to  the  Cohen 
paper.  For  a  more  detailed  explana- 
tion, we  would  refer  the  reader  to  re- 
plies to  Cohen  by  Demers-'  and 
Ippolito  and  Spallanzani.-"*  With  par- 
ticular reference  to  the  Martin  paper 
the  following  quotation  is  found: 

Endotracheal  toilets  and  instillations 
are  performed  with  a  strict  aseptic  pro- 
cedure: .  .  ..  For  each  patient,  the  fre- 
quency of  tracheal  aspirations  or  in- 
stillations is  decided  by  a  critical  care 
physician  and  the  nurse  in  charge  of 
the  patient.  .  .  .  Instillations  are  per- 
formed using  5  mL  of  sterile  water 
once  or  several  times  in  a  row.  They 
are  prescribed  when  pulmonary  secre- 
tions became  thick  and  tenacious,  (em- 
phasis added). 

The  paper  needs  further  explanation 
as  it  would  suggest  that  the  authors 
were  having  a  "problem"  with  the 
humidification  levels  given  by  the 
Pall  HMEF.  If  this  was  the  case,  the 
number  of  instillations  and  tracheal 
toilets  would  be  expected  to  be  very 
high  in  the  Pall  HMEF  group,  when 


compared  to  the  hot  water  bath 
group.  However  looking  at  their 
data,  we  see  no  such  differences. 


Pall 
fiMEF 


Hot  Water 
Bath 


Instillations 

per  day  2.5  +  0.6         2.8  ±  0.7 

Bronchial  toilets 

per  day  4.0  +  0.3         5.0  +  0.3 


But  days  of  thick 
tenacious  secretions 


Indeed,  30%  of  patients  using  the 
Pall  Filter  received  no  instillation  of 
saline  at  all.  Obviously,  the  instilla- 
tion and  bronchial  toilet  frequency 
requires  further  clarification.  With 
particular  reference  to  Mr  Paluch's 
comment  on  the  death  of  a  patient, 
careful  reading  of  the  paper  shows 
there  is  no  comment  or  intimation  as 
to  the  role  of  the  filter. 

In  terms  of  optimal  physiologic 
levels  of  humidification,  the  AARC 
consensus  statement-'  recommends 
25-35  mg  H:0/L.  In  a  recent  ab- 
stract, the  Pall  HMEF  was  reported 
to  provide  >  30  mg  H2O/L.-'' 

We  at  Pall  welcome  constructive 
criticism  whether  from  healthcare 
workers  or  from  industry.  However, 
the  criticism  has  to  be  based  upon  a 
fair  representation  of  the  available 
literature.  In  this  case,  we  believe  the 
criticism  in  Mr  Paluch's  letter  is  un- 
just. In  addition,  it  would  have  been 
appropriate,  as  with  other  journals, 
for  us  to  have  been  given  the  op- 
portunity to  reply  to  the  letter  in  the 
same  issue  as  its  publication. 

In  conclusion,  the  words  of  Shelly 
a  "hot  water  humidifier  or  a  HME 
filter  will  satisfy  the  needs  of  most 
adult  patients  requiring  artificial  ven- 
tilation on  an  intensive  care  unit""* 
and  "Humidification  of  inspired  gas- 
es should  not  be  considered  in  iso- 
lation but  as  part  of  total  airway 
management.  It  should  be  associated 
with  careful   fluid  balance,   physio- 
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therapy,  bronchia!  aspiration,  and  ap- 
propriate drug  therapy."'^  would 
seem  to  sum  up  the  situation. 

Geoff  Lloyd  BSc  PhD 

Scientific  Liaison  Manager 
Pall  Europe  Limited 
Portsmouth,  England 

Kenneth  Graf  BA  RRT 

Sales  and  Marketing  Manager 

Respiratory  Products 

Pall  Biomedical  Products  Company 

Glen  Cove,  New  York 
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Deep  Breaths,  Sighs,  and 
Pulmonary  Artery  Catheters 

I  would  like  to  pose  a  question  for 
discussion  among  readers  of  the 
Journal — Is  sighing  a  mechanically 
ventilated  patient  a  safe  and  some- 
times effective  way  to  dislodge  a 
spontaneously  wedged  (self- wedged) 
pulmonary  artery  catheter  (PAC)? 

In  the  intensive  care  unit  (ICU)  of 
our  320-bed  community  hospital  in 
southern  Ontario,  PACs  are  used  fre- 
quently. When  the  hospital's  Res- 
piratory Therapy  Department  was  es- 
tablished in  1991  (as  mandated  by 
legislation)  and  therapists  took  over 
ventilator  management  in  that  unit, 
we  found  an  established  practice 
about  which  we  are  uncertain.  The 
medical  staff  does  not  allow  the 
unit's  registered  nurses  to  manipulate 
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the  position  of  PACs  but  rather  di- 
rects them  to  notify  the  most  re- 
sponsible physician  and  then  position 
the  patient  to  avoid  comphcations 
until  the  patient  can  be  assessed. 
However,  the  nurses'  understanding 
has  been  that  having  the  patient  in- 
hale deeply  often  may  cause  to  the 
catheter  to  dislodge  spontaneously, 
producing  the  desired  results.  If  the 
patient  does  not  respond  to  the 
nurse's  request  for  a  deep  breath, 
logic  has  led  them  to  believe  that  a 
manual  sigh  via  the  ventilator 
achieves  similar  results.  According 
to  anecdotal  report,  this  procedure 


has  been  practised  almost  routinely 
for  several  years  with  acceptable  re- 
sults. However,  since  the  Respiratory 
Therapy  Department  has  assumed  re- 
sponsibility for  ventilator  manage- 
ment in  the  unit,  we  have  requested 
that  manual  sighs  not  be  used  until 
the  possible  efficacy  of  this  proce- 
dure can  be  weighed  against  the  po- 
tential for  barotrauma.  It  seems  rea- 
sonable to  assume  that  the  mode  of 
ventilation  and  the  use  of  pressure 
support  would  affect  the  transtho- 
racic pressure  changes  occurring  dur- 
ing spontaneous  breaths  and  might 
alter  the  efficacy  of  the  manoeuvre. 


Conversations  with  a  number  of  res- 
pirologists  and  therapists  involved  in 
research  have  yet  to  reveal  the  mode 
of  action  or  potential  efficacy  of  this 
procedure.  In  a  recent  literature  re- 
view of  the  use  of  the  sigh,  I  found 
no  mention  of  this  application.  If  you 
can  shed  light  on  the  possible  mech- 
anisms involved  in  this  procedure  or 
expand  on  the  potential  for  its  use, 
please  respond  to  me  through  the 
Journal. 

Ted  Reesor  RRT 

Joseph  Brant  Memorial  Hospital 
Burlington,  Ontario,  Canada 
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New  Responsibilities 


American  Association 
for  Respiratory  Care 
39th  Annual  Convention 
and  Exhibition 

Nashville,  Tennessee 
December  11-14,  1993 
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Not-for-profit  organizations  are  offered  a  free  advertisement  of  up  to  eight  lines  to  appear,  on  a  space-available  basis.  In  Calendar  of  Events  in 
Respiratory  Care.  Ads  for  other  meetings  are  priced  at  $5.50  per  line  and  require  an  insertion  order.  Deadline  is  the  20lh  of  the  month  two 
months  preceding  the  month  in  which  you  wish  the  ad  to  run.  Submit  copy  and  Insertion  orders  to  Calendar  of  Events.  RESPIRATORY  CARE. 
1 1030  Abies  Lane,  Dallas  TX  75229-4593. 


Calendar 
of  Events 


AARC  &  AFFILIATES 


October  27-28  in  Sturbridge,  Massachusetts.  The 
MSRC  presents  its  16th  Annual  Meeting  at  the  Sturbridge 
Host  Hotel  and  Conference  Center.  Topics,  include  new 
modes  of  ventilation,  computers  in  respiratory  care,  ther- 
apist-driven protocols,  smoking  cessation,  neonatal  flow- 
sync  ventilation,  and  a  debate  on  modes  of  aerosol  drug 
delivery.  AARC  Executive  Director  Sam  Giordano  MBA 
RRT,  presents  the  keynote  address.  Social  events  include 
Sputum  Bowl,  golf  tournament,  awards  banquet,  and 
dance.  Contact  Bill  McGarry  at  the  MSRC  Executive 
Office,  945  Concord  St.,  Framingham  MA  01701,  (508) 
620-4505. 


October  28-29  in  Merrillville,  Indiana.  Chapter  I  of  the 
ISRC  presents  the  4th  Annual  Harvest  Seminar  at  the 
Radisson  Hotel  Star  Plaza.  Lunch,  continental  breakfast, 
and  harvest  hoedown  dance  are  included  with  registra- 
tion. For  information,  contact:  Jo  Ann  Laudani, 
Respiratory  Care  Dept,  St  Margaret  Mercy,  (219)  933- 
2014. 


November  4-6  in  Hilton  Head,  South  Carolina.  Low 

Country  AHEC  and  the  SCSRC  announce  their  3rd 
Annual  Fall  Pediatric  Symposium.  Topics  include 
Pediatric  Emergencies,  Active  Cycle  Breathing 
Techniques,  and  Ventilator  Workshop.  For  details,  con- 
tact David  Hayden  at  (803)  943-5052. 


sixth  of  a  six-part  videoconference  series  titled  "Pro- 
fessor's Rounds  in  Respiratory  Care."  The  final  presenta- 
tion, "Unconventional  Methods  for  Adult  Oxygenation 
and  Ventilation  Support,"  features  James  K  Stoller  MD, 
and  David  J  Pierson  MD.  For  information,  call  (214)  830- 
0061. 


December  10  in  Nashville,  Tennessee.  The  AARC  pre- 
sents a  postgraduate  course  for  medical  directors  of  respi- 
ratory care  and  pulmonary  physicians:  Part  1 
— Mechanical  Ventilation  and  Acute  Respiratory  Failure: 
Part  2  —  Medical  Director's  Role  in  Respiratory  Care. 
Designated  for  6.0  credit  hours  in  Category  1  of  the 
Physician's  Recognition  Award  of  the  American  Medical 
Association.  Tuition  is  $175.  A  continuing  education  pro- 
gram of  Vanderbilt  University  Medical  Center  and  the 
AARC.  Contact  Robert  Czachowski  PhD,  Director  of 
Education,  AARC,  1 1030  Abies  Ln,  Dallas  TX  75229- 
4593,  (214)  243-2272,  fax  (214)484-2720. 


December  11-14  in  Nashville,  Tennessee.  The  AARC 
presents  its  39th  Annual  Convention  and  Exhibition, 
"New  Rules,  New  Roles,  New  Responsibilities."  at  the 
Opryland  Hotel  and  Convention  Center.  For  information, 
contact  the  AARC  at  (214)  243-2272,  fax  (214)  484-2720. 


OTHER 


November  12  in  Nashville,  Tennessee.  The  TSRC  holds 
its  Annual  Meeting  in  conjunction  with  the  Tennessee 
Hospital  Association's  convention  and  exhibition  at  the 
Opryland  Hotel.  Speakers/topics  include  Senator  Robert 
Rochelle,  "TennCare — Oversight  Committee  Update"; 
John  Faulkner,  president  and  CEO,  Jesse  Holman  Jones 
Hospital,  "TennCare's  Impact  on  Hospitals":  Manny 
Martins,  Director  of  Medicaid.  "TennCare's  Impact  on 
Home  Health  and  DME":  Roger  Richardson  RRT, 
"Medicare  DMERC  Consolidation";  and  Dr  Robert 
Tallon,  "New  DMERC  Medical  Policies."  For  informa- 
tion regarding  registration  and/or  exhibits,  contact  Carol 
McCabe  at  (615)  256-8240. 

December  2.  AARC  Videoconference.  The  AARC.  in 

conjunction  with  VHA  Satellite  Network,  presents  the 


October  13  in  Atlanta,  Georgia.  St  Joseph's  Hospital  of 
Atlanta  presents  its  10th  Annual  Respiratory  Care 
Seminar.  Contact:  Rena  Cobb  RRT  RCP,  Education 
Coordinator,  Respiratory  Care,  St  Joseph's  Hospital  of 
Atlanta,  5665  Peachtree  Dunwoody  Rd,  Atlanta  GA 
30342.  orcall  (404)  851-7176. 


October  14-15  in  Asheville,  North  Carolina.  The  5th 

Annual  Mountain  Air  Conference  for  Respiratory  Care 
features  Dr  Larry  Pepper,  manager  of  Shuttle  Medical 
Operations  for  NASA,  discussing  innovations  in  health 
care  delivery.  Other  topics  include  multidrug-resistant 
TB,  hyperbaric  therapy,  stabilization  of  bum  patients,  and 
a  pediatric  asthma  update.  For  more  information,  contact 
Charolette  Artis  at  (704)  257-4473. 
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October  19-20  in  Birmingham,  Alabama.  Respiratory 
Care  Services  and  the  Department  of  Neonatal  Nursing 
of  The  Children's  Hospital  of  Alabama  hosts  the  3rd 
Annual  Perinatal-Pediatric  Clini-Course  at  the  Sheraton 
Civic  Center-Medical  Forum.  Topics  covered  include 
Neonatal  Mechanical  Ventilation  Algorithms, 
Developing  Interventions  in  the  NICU,  Nitric  Oxide 
Therapy,  Customizing  Negative  Pressure  Ventilation, 
Overview  of  Genetics,  and  many  more.  If  you  have  any 
questions  regarding  this  Clini-Course,  contact:  Susan 
Forrest,  The  Children's  Hospital,  1600  7th  Ave  South, 
Birmingham,  AL  35233.  (205)  939-9675. 


October  29  in  Reno,  Nevada.  The  American  Lung 
Association  of  Nevada  presents  its  1 2th  Annual  Respira- 
tory Health  Conference  in  the  Mack  Auditorium  at 
Washoe  Medical  Center.  Contact;  Sarah  Kentfield, 
American  Lung  Association  of  Nevada,  PO  Box  7056, 
Reno  NV  895 10-7056,  or  call  (702)  829-5864. 


January  27-29, 1994  at  Helena,  Montana.  1 3th  Annual 
Big  Sky  Pulmonary  Ski  Conference.  Contact:  The 
American  Lung  Association  of  Montana,  825  Helena 
Ave,  Helena  MT  59601,  (406)  442-6556,  fax  (406)  442- 
2346. 


April  2-8, 1994  in  Miami,  Florida.  The  1994  session  of 
Miami  Children's  Hospital's  Annual  VACC  Camp  for 
ventilation-assisted  children  and  their  families  is  held. 
Application  due  date  is  Jan.  15,  1994.  This  community- 
based,  free  camp  program  provides  recreation  and  social 
support  for  children  with  trachs.  vents.  CPAP.  etc,  and 
their  moms,  dads,  and  siblings  at  least  5  years  old. 
Technology-dependent  children  should  have  normal  cog- 
nitive potential.  For  information,  contact:  Director 
Moises  Simpser  MD,  or  Program  Coordinator  Cathy 
Klein,  Ventilation  Assisted  Children's  Center,  Division 
of  Pulmonology,  Miami  Children's  Hospital,  3200  SW 
60th  Court.  Suite  203,  Miami  FL  33155-4076, 
(305)662-VACC. 


Introducing 

THE  FDA  MEDICAL  PRODUCTS  REPORTING  PROGRAM 

You  can  help  reduce  morbidity 
and  mortality  when  you 
report  serious  adverse 
events  or  product  prob- 
lems with  medications, 
medical  devices  or  other 
FDA'  regulated  products. 
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Notices  of  competitions,  scholarships,  fellowships,  examination  dates,  new  educational  programs,  and  the  like  will  be  listed  here  free  of 
charge.  Items  for  the  Notices  section  must  reach  the  Journal  60  days  before  the  desired  month  of  publication  (January  1  ftir  the  March 
issue,  February  1  for  the  April  issue,  etc).  Include  all  pertinent  information  and  mail  notices  to  RESPIRATORY  CARl-  Notices  Dept, 
1 1030  Abies  Lane,  Dallas  TX  75229-4593. 


Notices 


The  American  Respiratory  Care  Foundation  Awards  for  1993 

1.  Dr  Allen  DeVilbiss  Literary  Award  for  the  best  paper  published  from  November  1992  through  October  1993  that 
addresses  new  technology  or  a  new  application  of  current  technology  in  respiratory  care:  $2,000  cash  plus  travel 
expenses  to  the  AARC  Annual  Meeting  to  receive  the  award. 

2.  $2,000  for  the  best  original  paper  (study,  evaluation,  or  case  report)  accepted  for  publication  from  December  1992 
through  October  1993.  This  award  is  not  limited  to  papers  based  on  QPEN  FORUM  presentations. 

3.  Four  awards  of  $1,000  each  for  papers  accepted  for  publication  from  November  1992  through  October  1993  based  on 
any  OPEN  FORUM  presentation  (not  limited  to  1992  Open  Forum). 

4.  Five  awards  of  $500  each  for  the  best  papers  submitted  (not  necessarily  published)  by  1993  Open  Forum  participants 
who  have  'never  published'  in  the  Journal.  The  never-published  first  author  must  present  the  abstract  at  the  Annual 
Meeting  and  must  submit  a  paper  based  on  the  abstract  before  the  1993  Annual  Meeting  {received  in  the  Editorial 
Office  by  November  1,  1993).  Co-authors  may  have  previously  published  in  Respiratory  Care. 

Three  awards  of  $333  each  are  to  be  awarded  to  the  authors  of  the  three  best  features  from  Test  Your  Radiologic  Skill, 
Blood  Gas  Corner.  Kittredge's  Corner,  and  PFT  Corner  accepted  for  publication  from  November  1992  through  October 
1993.  All  three  (or  none)  of  the  features  may  be  chosen  from  a  specific  category  (eg,  all  three  may  be  chosen  from  Blood 
Gas  Corner). 

All  awards  will  be  made  at  the  1993  Annual  Meeting.  Papers  are  judged  automatically.  No  application  is  necessary. 

Annual  Meeting  Registration  Reimbursement 

As  in  the  past,  any  1993  OPEN  FORUM  presenter  (or  co-author  designee)  will  receive  complimentary  registration  for  an 
adequately  prepared  paper  based  on  his  1993  OPEN  FORUM  abstract,  submitted  prior  to  or  at  the  1993  Annual  Meeting. 


THE  NATIONAL  BOARD  FOR  RESPIRATORY  CARE— 1993  Examination  and  Fee  Schedule 

RPFT  Examination 

Clinical  Simulation  Only — new  &  reappi 

cant: 

$100.00 

EXAMINATION  DATE:                                DECEMBER  4.  1993 
Applications  Accepted  Beginning:                                July  1,  1993 
Application  Deadline:                                          September  1,  1993 

Entry  Level  CPFT — new  applicant: 
Entry  Level  CPfT — reapplicant: 
Advanced  RPIT — new  applicant: 
Advanced  RPFT — reapplicant: 

$100.00 
$  80.00 
$1.50.00 
$130.00 

Perinatal/Pediatric  Specialty  Examination 

Perinatal/Pediatric — new  applicant: 
Perinatal/Pediatric — reapplicant: 

$150.00 
$130.00 

EXAMINATION  DATE:                                       MARCH  12,  1994 

Applications  Accepted  Beginning:                                July  1,  1993 

Active 

Inactive 

Application  Deadline:                                             November  1.  1993 

CRTT  Recredentialing: 

$25.00 

$  60.00 

Fee  Schedule 

RRT  Recredentialing: 

Entry  Level  CRTT— new  applicant:                                       $  90.00 

Written  Registry  Examination 

$25.00 

$  60.00 

Entry  Level  CRTT— reapplicant:                                         $  60,00 

Clinical  Simulation  Examination 

$65.00 

$100.00 

RRT  Vv'ritten  and  Clinical  Simulation- 

CPFT  Recredentialing: 

$25.00 

$  80.00 

new  applicant:                                                                       $190.00 

RPFT  Recredentialing: 

$25.00 

$130.00 

RRT  Written  and  Clinical  Simulation — reapplication:          $160.00 

P/P  Spec  Credentialing: 

$25.00 

$130.00 

Written  Registry  Only — new  applicant:                               $  90.00 

Membership  Renewal: 

Written  Registry  Only — reapplicant:                                    $  60.00 

CTT/RRT/CPFT/RPFT 

$12.00 

N/A 

8310  Neiman  Road  •  Lenexa, 

Kansas  66214  •  (913)  599-4200 
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a  portable  blood  gas  and 
electrolyte  system 


Only  GEM  Premier  has  these  built-in 
design  features 


tidPremier 


•  Easy-to-use 

•  Proven  performance  and 
accuracy 

•  System  controls  for  testing 
outside  the  laboratory 

•  Maintenance-free  operation 

•  Flexible  menu 

•  Complete  documentation 

•  Automatic  calibration 

•  Programmable  QA 

•  And  with  comparable  per-test 
material  costs,  GEM  Premier 
offers  significant  overall 
savings  by  minimizing 
maintenance,  downtime,  and 
operating  costs 


Interested?  We'll  tell  you  more! 

If  you're  responsible  for  blood  gas  and  electrolyte  testing  and  want 
to  learn  more  about  GEM  Premier,  call: 


1-800-262-3654  or  FAX:  313-973-0189 


Circle  149  on  reader  service  card 

Visit  AARC  Booths  1122, 1124, 1126 
in  Nashville 


Q 


ALLINCKRODT 

Sensor  Systems 


Respiradyne^i 

'  :.0-  (PLyi 

PUJLMONARY  FUNCTION/VENTILATION   MONITOR 
aphig'P^itdut^^uit^Patient  Memory... and  Easy  to  Use 

Results-Oriented  Features  At  Cost  Effective  Prices 

■  New  Graphic  Forced  Vital  Capacity  (FVC)  document  printout  of  Flow  vs  Volume  and 
Volume  vs  Time  ■  New  10  patient  memory  with  8  pre-bronchodilator  and  8  post- 
bronchodilator  tests  per  patient  and  automatic  calculation  of  %  change  ■  New  customizing 
software  package  ■  New  Slow  Vital  Capacity  (SVC)  monitoring  ■  Automatic  determination 
of  "best  test"  ■  Knudson.  ITS  and  ECCS  reference  nomograms  ■  Easy  to  operate 


Performs  A  Complete  Range  Of  Ttest  Measurements 
Forced  Exhalation  Parameters 

■  Forced  Vital  Capacity  (FVC)  ■  Forced  Expiratory  Volume  in  One  Second  (FEV,) 

■  FEV, /FVC  Ratio  ■  FVC  Time  ■  Peak  Flow  ■  Forced  Expiratory  Flow  Between  25% 
and  75%  of  Vital  Capacity  (FEF  25.7h)  ■   Percent  Extrapolated  Volume  (Vol.  „tra%) 

Weaning /Extubation  Parameters 

■  Respiratory  Rate  (RR)  ■  Tidal  Volume  (TV)  ■  Minute  Volume  (MV)  ■  Slow  Vital 
Capacity  (SVC)  ■  Maximum  Voluntary  Ventilation  (MVV)  ■  Negative  Inspiratory 
Force  (NIF) 


For  further  information,  call: 


1-800-325-7472  (outside  Missouri) 


ASherujaod 

^^ MEDICBL 


-800-392-7318  (in  Missouri) 


Circle  134  on  reader  service  card 
Visit  AARC  Booths  115  and  117  in  Nastiville 


